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Title No. 56-28 


Behavior of a Continuous Slab 
Prestressed in Two Directions 


By A. C. SCORDELIS, T. Y. LIN, and R. ITAYA 


Elastic behavior and ultimate strength of a continuous concrete slab 
prestressed in two directions were investigated. The slab, consisting of 
four panels, was supported at nine points and simulated a flat slab. 
Prestressing was accomplished by means of unbonded post-tensioned 
cables. Experimental values for moments, deflections, and reactions 
were compared with theoretical values obtained by the elastic plate 
theory and by arproximate theories used in present design methods. 


OLN THE past Few years, a large number of structures using flat slabs 
prestressed in two directions have been erected by the lift-slab method 
of construction. These slabs have performed well in service. An essen- 
tially crack-free slab having little or no deflection under working load 
can be obtained by proper prestressing. As yet few experimental data 
are available regarding the behavior of such slabs through the elastic 
and plastic ranges and finally under ultimate load. In an earlier study’ 
the case of a square slab prestressed in two directions and supported 
at four points was considered. The investigation reported herein con- 
siders the case of a square slab simply supported at nine points, sim- 
ulating nine column supports. 

The purpose of this investigation was to determine the behavior, 
through and above the elastic range, of a continuous concrete slab pre- 
stressed in two directions. Some of the questions which the investigation 
endeavored to answer for this type of slab were: (1) Is the elastic plate 
theory valid up to the appearance of cracks? (2) Can the cracking load 
be predicted by the elastic plate theory using the flexural tensile 
strength as determined by plain concrete specimens? (3) What is the 
physical behavior of the slab through the plastic range and finally under 
ultimate load? Does it deflect excessively? Is failure sudden or gradual? 
(4) Can the ultimate strength be predicted by available theories for 
ultimate strength of slabs? (5) Are the present approximate methods 
of design sufficiently accurate for predicting the behavior of such a 
slab? If not how should they be changed or modified? (6) What is the 
distribution of moments in the slab in the elastic and plastic ranges, 
under various loading conditions and under prestress alone? 


44] 
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To answer the questions posed as well as to study other practical de- 
sign problems involved in this type of slab, a 15 x 15-ft slab 3 in. thick 
and supported at nine points was first prestressed and then subjected 
to a series of loading tests under laboratory controlled conditions to 
ensure accuracy. In the final test the slab was loaded to failure so that 
information on its behavior at ultimate load was obtained. 


Notation 

The letter symbols used in this paper are generally defined when 
they are introduced. The most frequently used symbols are listed be- 
low for convenient reierence: 


A, 
a 


D « 


area of prestressing steel 

side dimension of a single 

panel 

flexural rigidity of slab 
Eh’® 


= 12 (1—*) 
= modulus of elasticity of con- 


crete 

modulus of elasticity of steel 
compressive strength of 6 x 
12-in. cylinders 


modulus of rupture of con- 
crete 

slab thickness 

bending moments per unit 
length acting on sections 
normal to the x- and y-axes, 
respectively 


= torsional moments per unit 


length acting on sections 
normal to the x- and y-axes, 
respectively 
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n=number of subdivisions of a Cartesian coordinates with 
Span a for finite difference the center of the slab as ori- 
elements gin 
-length of finite difference 
elements 
a/n 
w — deflection = Poisson’s ratio 


q = load per unit area on slab 
R=reaction at supports 


EXPERIMENTAL PROGRAM 
Description of test slab 

The test slab, Fig. 1, measured 15 x 15 ft in plan and was 3 in. thick. Supports 
were placed 7 ft on centers in both directions. The test slab represented about a 
one-third scale model of slabs in actual practice. A rocker and roller arrange- 
ment at each support point permitted the necessary rotations and horizontal 
movements so that no restraints were introduced at these points. 

The slab was post-tensioned with 12 cables in each direction, spaced 15 in. on 
centers. Each cable consisted of a single %4-in. high strength steel wire greased 
and placed in a plastic tube to provide for post-tensioning. The profile for all 
of the cables running in both directions is shown in Fig. 2. 

In addition to the prestressing steel, two layers of wire mesh were placed 
over each support to cover an area 18 x 18 in. This steel was included to help 
prevent the possibility of local failures at the supports. 


Materials 


L" dia HT wires in plostic tubes 
Concrete for the slab was o ‘ 


aA 


proportioned for a minimum 
strength of 5000 psi at 28 6"x 6" edge supports 
days as measured by 6 x 
12-in. cylinders. The mix 
contained 7 sacks of Type I 
cement per cu yd of con- 
crete. The water-cement ra- 
tio was 5.7 gal. per sack. 


9" x9" center support 


i2wires spoced {5° 


The aggregate consisted of 
Livermore Valley sand and 
gravel having a maximum 
size of % in. Batch propor- 
tions by weight based on 2 layers of 2'x2" 
saturated surface dry condi- oaige - hog 
tions were: water, 0.51; ce- 18" sq 

ment, 1.00; sand, 2.05; grav- 

el, 2.56. Slump was 5 in. and 
placement of the concrete 


= . A — 
took approximately 35 min ] 
7-0 1 
| 





mace 


The slab was cast in place 
on forms, cured moist with 
damp burlap for 10 days, L 
and then left air dry until Fig. |—Plan and elevation of test slab, showing 
testing. steel arrangement 


7-0" 
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Fig. 2—Typical cable profile 


Control specimens were cured in the same manner as the slab. Three cyl- 
inders were tested in compression at 7, 14, 22, and 28 days. One cylinder was 
tested at 43 days. Average values for the compressive strength, modulus of 
elasticity, and Poisson’s ratio for these cylinders are given in Table 1. Three 
6 x 6 x 20-in. beams were tested under third-point loading on an 18-in. span, 
at 14 and 28 days. Average modulus of rupture values obtained for these beams 
are also listed in Table 1. 

Six samples of the prestressing wire were tested in tension on a 10-in. gage 
length and the following average values were found: proportional limit, 170 
ksi; yield point as measured by the 0.2 percent offset method, 218 ksi; ultimate 
strength, 253 ksi; modulus of elasticity, 29,400 ksi; and ultimate elongation, 6.7 
percent. 


Method of loading 

Cable prestress was applied by a 30-ton capacity hydraulic jack which had 
been accurately calibrated. 

For the slab loading it was desired to provide a uniform load on each of the 
four panels independently. This was accomplished by using four plastic air bags 
placed between the top of the slab and a ‘%-in. plywood sheathing which was 
supported by a heavy steel frame. Each of the bags covered one panel or one- 
quarter of the total slab. By introducing air pressure into each of the bags in- 
dependently, the magnitude of the uniform load on each panel could be accu- 


TABLE | — PROPERTIES OF CONCRETE 
Age, days 7 14 22 


Compressive strength, psi, of 6 x 12-in 
cylinders 3590 4337 


Secant modulus of elasticity at 1000 psi 3.40 10° 
Poisson's ratio 
Modulus of rupture, psi, 6x6x26-in. beams 


on 18-in. span under third-point 
loading 
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rately controlled. Air pressure in each of the bags was measured with a water 
manometer. With the arrangement used the load on the slab could be controlled 
and measured to the nearest 2 or 3 psf. 

This method of loading had been successfully used in earlier laboratory tests 
and again proved to be an excellent technique for producing uniform loadings. 


Instrumentation 

The instrumentation was designed to measure the following quantities: 

1. Strains on top and bottom surfaces of the slab. 

2. Force at the ends of the prestressing cables. 

3. Strains in the prestressing steel between the two ends. 

4. Reactions at each support point. 

5. Deflections at various locations. 

Seventy SR-4 gages were used to measure strains on the top and bottom sur- 
faces of the slab. Because of symmetry, it was only necessary to instrument 
one-eighth of the slab with strain gages to obtain all of the necessary strain data 

The initial prestress force at the jacking end was measured for all cables with 
the pressure gage attached to the hydraulic jack. On six of the cables a simple 
dynamometer, accurate to the nearest 20 lb, was attached at the nonjacking 
end so that the prestress force existing there could be measured. To distribute 
the prestress more uniformly the jacking and nonjacking ends were alternated 
along each side of the slab. 

To get a record of the prestress force at several points along the cables, two 
SR-4 Type Al2 gages were mounted directly onto each of the six cables which 
had dynamometers at the ends. These gages were waterproofed and properly 
protected and worked well through the entire test program. 

Reactions at each support point were measured by pressure meters between 
the s!ab and the bearing plates. The pressure meters, calibrated in a testing 
machine prior to their use with the slab, could measure a reaction to the nearest 
35 lb. 

To obtain deflections at various points simple dial gages bearing on the bottom 
surface of the slab were used. The dial gages, which had a least count of 0.001 
in., were used until the load approached its ultimate value after which they 
were removed. Deflections were then obtained at the center of each panel by 
level readings taken on graduated scales hung from the bottom of the slab. 


Tests conducted 

The test program was designed to study the distribution of moments and de- 
flections and the behavior of the slab under a variety of conditions 

The four panels of the slab were identified as PI, PII, PIII, and PIV, with PI 
being the instrumented panel. In each direction the center pair of cables and 
each pair of cables closest to an edge were designated as column strip cables 
while the remaining cables were designated as middle strip cables. Thus, in 
each direction there were a total of six column strip cables and six middle strip 
cables. Table 2 lists the various stages of loading in chronological order. 


ANALYTICAL STUDIES 


Present design of prestressed concrete lift slabs is based on approxi- 
mate procedures.” The procedure normally used is to divide the struc- 
ture into a series of bents, each consisting of a row of columns or sup- 
ports and strips of supported slabs, each strip bounded laterally by the 
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TABLE 2— TEST PROGRAM 


~ Load Data 


| Column Middle | 
strip strip | 
Stage cable cable | 
Prestress,| Prestress 
Ib (at Ib (at — -— - 
jack) jack) | PI | PI | PI | PIV 


Panel Live Load, psf 





Slab cast on forms — — 





25 percent Prestress, nominal | | | 
(forms still in place) | 








25 percent Prestress + dead _ 
load (forms removed, dead 
load on from now on) 





b 50 percent C.S. — 50 percent 


c 1100 percent C.S. — 50 percent 
| c & 
d |100 percent C.S. -- 100 percent 
N | 


| 





| 


2a t Design load and repeat 
and 
2b 


o8e 
eo 
ooo 





3 Skip ioading 


gees. 


— 
ss 





o228ee2. 








| 


| 


t~ 

_— 
ose | 

Ps 
eseol|o 


Cracking load and repeat 
Load tofailure 7500 
7500 


\8_ | 
hed 


*C.S. indicates column strip; M.S. indicates middle strip. 


center line of the panel on either side of the center line of columns or 
supports. A series of such bents is first taken longitudinally and then 
transversely through the building. Each bent is analyzed for the various 
loading conditions which may come on the slab. The s'ab moments 
obtained, which are for a full panel width, are then apportioned to the 
column strips and middle strips. The percentage going to each is de- 
pendent on edge and support conditions, but has usually been taken 
for uniform loads as 45 and 55 percent going to the middle and column 
strips, respectively. 


From these analyses an envelope of maximum and minimum slab 
moments in the longitudinal and transverse directions is plotted. Using 
these moment envelopes the magnitude and location of the prestress 
force required at each section to keep the stresses within certain allow- 
able limits can be determined. 


Where the slab-to-column connection is not rigid or where the column 
stiffness relative to the slab stiffness is small, the problem described 
above reduces to the analysis of a continuous beam in each direction 





CONTINUOUS PRESTRESSED SLAB 447 


rather than a bent. This method of analysis, often called the “beam 
method,” is an approximate one, since it reduces the two-way action 
involved in the actual slab to the one-way action of a beam in each di- 
rection. 


A more precise determination of the slab moments and deflections 
can be found by using the elastic plate theory, which does take into 
account the two-way action of the slab. For continuous slabs this re- 
quires considerable mathematical effort and for this reason it is not 
generally used directly in design. 


Beam method 


The test slab was designed on the basis of the elastic beam theory. 
The bending moments for a two-span continuous beam uniformly load- 
ed are obtained quite easily. The effect of prestress force alone can be 
obtained by converting the force in the cable into upward and down- 
ward equivalent loads.* By combining the effect of uniform load and 
prestressing, the design and cracking loads can be determined. 


According to the beam theory, the live load design capacity for the 
test slab based on no tensile stress in the concrete was found to be 
76 psf for a prestress force of 6840 lb in every cable. The 6840 lb per ca- 
ble was the average prestress force along the length of the cable, not the 
jacking force. The live load for cracking based on a modulus of rupture 
of 480 psi and a prestress force of 6840 lb per cable was 194 psf. 


Deflection at the center of a panel can be approximated by use of 
the beam theory. The usual method is to superimpose deflection due 
to beams in two directions. For example, the deflection at the center 
of a panel is calculated by adding the deflections at the center of two 
beams, a 1 ft wide beam passing over the columns and another 1 ft wide 
beam orthogonal to the first and passing through the center of the 
panel. Each beam is loaded uniformly. 


For a slab similar to the test slab, the deflection at the center of the 
panel, under a uniform load q, calculated by the beam theory is: 


— 0,125 90" _ 
4 Eh® 


in which a is the panel dimension, E is the modulus of elasticity, and A 
is the slab thickness. The same deflection from the plate theory, for 
Poisson’s ratio, » = 0.15, is: 
- 
A = 0.149 i 

A comparison between deflections from the beam theory and the 
plate theory is shown in Fig. 3 for slabs having various edge conditions. 
Data for the deflection of a panel supported on four columns and a typi- 
cal interior panel may be found in References 1 and 3. 
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Fig. 3—Comparison of deflections at center of panel by plate theory and approxi- 
mate beam method for uniform load 


Ultimate load 

The ultimate load capacity of the slab can be estimated from the yield 
line theory for slabs. A study of possible yield line patterns indicates 
that the pattern shown in Fig. 4, which is the same as that for a con- 
tinuous beam, is critical. 

An assumption must be made as to the stress in the prestressing steel 
at ultimate. Because the cables are unbonded, it is unlikely that the 
steel stress will reach its ultimate or even its yield strength. Assuming 
a steel stress of 200 ksi at ultimate load, with /.,—6 ksi, the ultimate 
moment capacity of a 1 ft wide section of the slab in Fig. 4 is 19.5 in- 
kips. A yield line analysis gives the distance ¢ equal to 2.9 ft and an 
ultimate load capacity of 385 psf. Deducting the 38 psf dead load leaves 
an ultimate live load capacity of 347 psf. 


Elastic plate theory 

A 14 x 14-ft plate on nine supports under uniform load was analyzed 
by the elastic plate theory to determine the general applicability of the 
theory to calculation of moments, deflections, and reactions in pre- 
stressed slabs. Note that the test slab differed slightly from the plate 
considered in this theory since a 6-in. overhang on all sides resulted 
in a 15 x 15-ft test slab. The slab analyzed by the theory had its sup- 
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Fig. 4— Ultimate strength 
theory 





























ports at the edges and center of a 14 x 14-ft plate. The effect of the 
overhang is small when considering moments and deflections and is 
thus neglected in comparisons between these experimental and the- 
oretical values. 

Analytical determination of deflections and moments in an elastic 
plate involves solution of the Lagrangian differential equation for 
plates, subject to the appropriate boundary conditions imposed by its 
loading and supports. This differential equation and the means by 
which it can be solved are thoroughly discussed by Timoshenko.* For 
a plate supported by concentrated forces the necessary differential 
equations cannot be solved explicitly because of the rather complicated 
boundary conditions. Various approximate methods are available for 
the solution; one of the simplest in concept is the method of finite dif- 
ferences. 

The finite difference method substitutes finite elements for infinitesi- 
mal elements and reduces the solution of a differential equation to the 
solution of a set of linear simultaneous equations. A detailed discussion 
of this method and finite difference expressions for various derivatives 
are given by Salvadori and Baron.’ 

Because of symmetry only one-eighth of the plate need be considered 
in the analysis. As a first approximation a coarse mesh with finite ele- 
ments having a mesh size } =a 2 was used to analyze the plate. As a 
second approximation a mesh size having 4 = a/4 was then used. This 
second approximation involved the solution of 33 linear simultaneous 
equations, which was obtained with the aid of an IBM 701 computer. 
No programming was necessary as a standard routine was available for 
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the solution of 45 or less linear simultaneous equations. Using a mesh 
size of }=a/8 would have required solving 101 linear simultaneous 
equations and thus was not attempted. 

The accuracy of the theoretical results obtained from the first and 
second approximations can be increased by Richardson’s extrapolation 
procedure. This procedure is discussed by Salvadori and Baron.‘ The- 
oretical moments, deflections, and reactions obtained from the second 
approximation and by Richardson’s extrapolation procedure are sum- 
marized in Table 3. Poisson’s ratio was taken as 0.15. 


EXPERIMENTAL RESULTS AND DISCUSSION 


A summary of the cases considered and the experimental and ana- 
lytical studies made is given in Table 4. At the start of each live load 
test the average prestress force measured the same in all cables, 6840 
lb per cable or 140 ksi. 

Curves shown for M, represent the bending moment distribution along 
a section x =a constant. The system of coordinates used is shown in 
Fig. 5. The gross bending moment at a section is therefore the area 
under the M, curve, = (M,-Ay). Since each of the reactions was measured 
independently, the gross bending moment at a section could also be cal- 
culated by the principles of statics to obtain a check between the strain 
measurements and the reaction measurements. This latter value is rep- 
resented by the term “Statics: M” in the moment curves. Experimental 
moments were obtained at sections x = 0, 1.75, 3.5, 5.25, and 7.0 ft. 


Uniform prestress case 

The moments produced by the equal prestress of 6840 lb per cable are 
plotted for two sections in Fig. 6 and 7. M, is the bending moment distri- 
bution across the section whereas M, is the bending moment diagram 
along the section. The difference between the gross moments as meas- 
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TABLE 3 — THEORETICAL VALUES OBTAINED FROM PLATE THEORY FOR 
A UNIFORMLY LOADED PLATE SUPPORTED AT NINE POINTS 


Bending Bending Twisting 
moment, moment, moment, 


i. M M,, 





Deflection, Reaction, 
Location —_ ~ tN _wD a. 
(coordinates) _ qa qa* qa? 
Sec- | 
ond 
ap- 
Second Second prox- 
approx-| Extrap- c Extrap- | approx- | Extrap- ima- 
imation | olation olation | imation | olation i tion 


—0.2448 | — 0.2842 a — 0.2842 _ 1.392 
—0.1035 — 0.0209 
—0.0470 | —0.0486 . 0.0929 0 
— 0.0628 , 
—0.1657 | —0.1891 0 0 - 
0.0099 ' 
0.0126 
0.0154 
0.0253 
0.0607 
0.0653 ' 
0.0872 0 
0.0595 . 


0.0811 . : 
0 0 0 0 0.139 | 0.127 
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ured by the strain gages and as obtained from statics using measured 
reactions and cable forces range from 5 to 26 percent. The moments cal- 
culated from the measured reactions and cable forces are sensitive to 
the cable location. A change in the cable location of 0.1 would eliminate 
the differences between the two calculated moments. 

Also plotted in Fig. 6 and 7 are theoretical values for bending moments 
as obtained by the beam theory. There is good agreement between theo- 
retical and experimental values at all sections indicating that the beam 
theory is fairly accurate in predicting the moments for this case. 

Deflections at the center of a panel are plotted against prestress force 
in Fig. 8. Again agreement between experimental values and those ob- 
tained by the beam theory is relatively good. 


_ TABLE 4— SUMMARY OF CASES CONSIDERED 


Quantities obtained 


Plate theory 
Experimental | Beam theory theoretical 
moments, de- theoretical | moments, de- 

| flections and | momentsand | flections, and 

Case reactions deflections | reactions 


| 





Uniform prestress 
(equal prestress in 
all cables) | xX 


Unequal prestress 
(1.8: 1.0 for column 
to middle strip) 














Skip loading (live 
load on one panel) 





Uniform load (live 
load on four panels) 
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L(V, Ay) = 3450 Ib-ft 

Statics - M=3800 Ib-ft 

E=3.5 x 10° psi, p= 014 
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Fig. é—Moments at x — 0 ft due to uniform prestress 


Unequal prestress case 

Fig. 9 shows experimental values for the moments at two sections 
caused by prestressing the cables in the column strips nominally twice 
as much as the cables in the middle strips. The average force was 6840 
lb each in the column strip cables, and 3320 lb each in the middle strip 
cables. The width of column and middle strips by definition is 4 x 14 
< 12 = 42 in. With the cable spacing used it can be found that the total 
force delivered to the column strip over the outer row of columns, the 
middle strip, and the column strip over the center row of columns is 
19.2, 10.0, and 16.4 kips, respectively. The net effect has been termed a 
nominal 1.8:1 ratio of prestress. 


Skip loading case 

The moments due to a uniform load of 100 psf on one panel are shown 
in Fig. 10 and 11. A modulus of elasticity of 4,150,000 psi and a Poisson’s 
ratio of 0.14 were used for the calculations. In both the skip load and 
the uniform load case, the modulus of 4,150,000 psi was used to maintain 
consistency between the gross moments as calculated from strain meas- 
urements and the gross moments as calculated from the equations of 
statics using the reaction measurements. 


600 
Uniform prestress per cable, F=6840 Ib 

400 DMM, y) = -2570 ib-ft 

Statics « M=- 2650 ib-ft Experimental 
200 E=3.5 x 10° psi ——-- Beam theory 
p= 0.14 
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Fig. 7—Moments at x = 3.5 ft due to uniform prestress 
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Fig. 8—Prestress force ver- 

sus deflection at center of 

panel for uniform prestress 
case 
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Comparing Fig. 6 and 7 for uniform prestress with Fig. 10 and 11 for 
skip load, the skip load moments in the loaded panel are counteracted 
well by the prestressing moments. In the unloaded panels, however, the 
mcments tend to add, causing an increase in tensile stresses already ex- 
isting. At x = —5.25, y = 3.5, the top fiber stresses caused by full pre- 
stress, 100 psf live load on one panel, and dead load are +40, +50, and 
—65 psi, respectively, the total tensile stress being +25 psi, a relatively 
small value. 


Uniform load case 

The final test on the slab consisted of subjecting it to an increasing 
uniform live load on all four panels until failure. Because of the test 
arrangement a visual inspection for cracks on the top surface of the 
slab during the test could not be made. However the first tensile crack, 
as indicated by strain readings, seems to have occurred over the center 
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Fig. 10—Moments at x — 
0 ft due to load on one 
panel (experimental values 


only) 
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Stotics: M=—2040ib-ft 
—E=4i15 of psi 
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o 


support at a live load of 100 psf. This crack was localized and did not 
pass through the gage 6 in. away from the center support until the load 
reached 160 psf. 

The first visual observation of cracks occurred at a load of 290 psf. 
Cracks were then observed at the edges of the slab at Points 1 and 2 
shown in Fig. 12. 


DM, b)= 3140 bt 


Stotics M=3530 b-ft 


E = 415 10° psi 


LM, by= -490 Ib-ft 
sill aaaca Fig. ||—Moments at x = 
3.5 ft due to load on one 


panel (experimental values 


only) 
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Fig. 12—Crack pattern at ® 
failure (qx, = 362 psf) for 
uniform load on entire slab 
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The first cracks on the bottom of the slab were observed at a load of 
330 psf. They began at the edges of the slab and extended inward about 
2 ft on Lines 3-3 and 4-4. At a load of 347 psf the crack along Line 3-3 
opened to 14 in. wide and extended across the width of the slab. At 356 
psf a similar crack occurred along Line 4-4. 


After extensive flexural cracking ultimate failure occurred at a live 
load of 362 psf with the center support punching through the slab. The 
failure occurred directly around the edges of the 9 x 9-in. center sup- 
port at a shear angle of about 45 deg. The crack pattern at ultimate load 
is shown in Fig. 12. 


The moments at two sections caused by a uniform load of 100 psf, 
which was within elastic range, are shown in Fig. 13 and 14. Agreement 
between the moments calculated from the strain measurements = (M,- Ay), 
and the moments calculated by statics from the reaction measurements, 
“Statics: M”, is very good. 


Fig. 13 and 14 also show a comparison between the experimental mo- 
ments obtained from strain measurements and theoretical moments 
obtained by the elastic plate theory. Agreement again is good, the only 
major discrepancy exists for the moments near the center support, i.e., 
at x = 0, y = 0. At this point it can be seen that the theoretical value 
obtained using Richardson’s extrapolation procedure tends to approach 
the experimental value. This indicates that if a finer mesh were used 
in the finite difference solution the theoretical and experimental values 
would probably be in close agreement at this point. Based on the above 
comparisons it can be stated that the elastic plate theory can be used to 
accurately predict the magnitude and distribution of moments in a pre- 
stressed concrete slab loaded within the elastic range. 
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Fig. 13—Uniform load moments at x — 0 ft 





lb-ft. / ft. 


DM, Ay)=2530 Ib-ft 
Statics: M=25/0 Ib-ft 
E=415 x 10° psi p=014 
q=100 psf 


MOMENT, 


—-O— Pilate theory , n=4 
Beom theory Experimental 
4 Plate theory extrapolated on n=2.4 
yin ft., from center of slab 


ake 4. i 


2 3 4 5 6 7 








Fig. 14—Uniform load moments at x = 3.5 ft 


The experimental moments may also be compared to the theoretical 
moments obtained by the beam theory. It is apparent that at sections 
of high moment such as at x = 0 the distribution of the experimental 
moments M, is not uniform across the section, and that some distribution 
of the gross moment obtained by the beam theory should be made, with 
a higher percentage going to the column strips than to the middle strips. 
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Fig. 15—Uniform load-deflection curves for panel centers 


The load-deflection curves for the panel centers are shown in Fig. 15. 


Elastic behavior of the slab continued until the load reached around 160 
to 200 psf. The maximum deflection just prior to the serious cracking 
at the load of 347 psf was 0.2 in. The deflections increased sharply when 
the large cracks occurred. 


Fig. 16 shows the typical behavior of the prestressing steel for uniform 
live load on the slab. Note that the stress in prestressing steel increased 
sharply when serious cracking occurred at a load of 347 psf. Strain meas- 
urements in the cables at Line 1-1 of Fig. 12 indicated that just prior to 
failure the average stress in the steel at this section was 170 ksi. 
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SUMMARY AND CONCLUSIONS 


The behavior of a 15 x 15-ft prestressed slab, 3 in. thick and supported 
at nine points was studied analytically and experimentally for a variety 
of loading conditions. 

Using the beam theory as usually applied in present design methods, 
the uniform live load design capacity for the slab based on no tension in 
the concrete was 76 psf; the live load for cracking based on a modulus 
of rupture of 480 psi was 194 psf; and the ultimate live load based on a 
steel stress of 200 ksi was 347 psf. The actual behavior of the slab was 
ideal as a structure. Localized cracking occurred on the top surface near 
the center support at a live load somewhere between 100 and 160 psf. 
First cracks on the bottom surface occurred at a live load of 330 psf. The 
maximum deflection just prior to serious cracking at 347 psf was only 
0.20 in. The slab failed at a live load of 362 psf. Just prior to failure the 
maximum deflection was 2.1 in. 


On a basis of the studies made the following conclusions are advanced. 
1. The elastic plate theory may be used satisfactorily to predict the 
behavior of a prestressed concrete slab loaded within the elastic range. 
2. The cracking load has little practical significance since initial crack- 
ing is localized at points of high moment. The slab can sustain large 


increases in load before widespread cracking takes place. 

3. Moments due only to equal prestress in all cables can be calculated 
with sufficient accuracy for design purposes by the beam method. 

4. A quantitative study of the results indicates that for elastic be- 
havior under uniform load the total negative moment calculated by the 
beam method should be distributed approximately 75 percent to the 
column strips and 25 percent to the middle strips, while the total posi- 
tive moment calculated by the beam method should be distributed ap- 
proximately 60 percent to the column strips and 40 percent to the middle 
strips. Thus the ratio of 55/45 common in present practice should be 
modified. 

5. Deflections under uniform load obtained by the beam method are 
within 15 percent of those obtained experimentally or by the elastic plate 
theory. 

6. For the design live load acting on one panel only, in combination 
with dead load and uniform prestress, small and relatively insignificant 
tensile stresses are produced in the slab. 
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Title No. 56-29 


FACTORS AFFECTING 
PERFORMANCE OF 
UNIT-MASONRY MORTAR 


By WILLIAM L. ZEMAITIS 


Laboratory and field mortars, made according to ASTM C270, were 
investigated for durability and then compared to determine whether lab- 
oratory tests could be used to check field durability. First, a laboratory 
investigation was made on durability of mortar mixtures using standard 
sand and two masonry cements meeting ASTM C9! specifications, and us- 
ing cement-lime-sand mixtures composed of eight different brands of limes. 
Three cement-lime-sand mixtures were investigated: 1:1:6, I:1!/4:6 and 
1:2:9. Second, a field-mix investigation was made and it showed that about 
13 percent entrained air was necessary to protect Types O and K, ASTM 
C 270 combinations, against freezing and thawing failure, and || percent 
was needed for Types M, S, and N. All cement-lime-sand combinations 
needed the addition of an air-entraining agent for durability. All masonry 
cement mixes were durable without the need of additional air-entraining 
agents. It was found that materials tested for durability in the laboratory 
with Ottawa sand at a flow of 110+5 showed good relationship to their 
durability performance at an average field consistency (13025 flow). 
The field mixes used an ASTM median-graded field sand and a field mixer. 


| ae 


MB For As LONG AS MORTARS HAVE BEEN UsrD in unit masonry construc- 
tion, some unexplainable failures of mortar such as cracking, leaking, 
and mortarless joints have occurred. Some of these faults and other 


9° 


unsightly wall appearances have been traced to excessive weathering,’ 
shrinkage,** expansion®'* and efflorescence’ of the mortars as well as 
poor workmanship,® faulty design,® and unsound masonry units. 

ASTM C 270 has no requirement for air entrainment. The major ob- 
jective of this research was to see if durability of field mortars at field 
consistency needed entrained air and, if so, how much. It is weil es- 
tablished that entrained air is needed for concrete durability,**'® but 
a search of references disclosed little or nothing on durability of mason- 
ry mortars,!:467.11-18 

McBurney* has demonstrated the need for a requirement for sound- 
ness of cement-lime combinations used in C 270, and this need was veri- 
fied on preliminary tests relating to this investigation. 


46] 
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SCOPE 


The research includes an investigation of eight different limes com- 
bined with cement, and four different masonry cements in several 
ASTM C 270 proportions. All the limes were purchased as being suitable 
for mortar. Their expansion characteristics were checked and the rela- 
tion trend of unsound and sound limes to durability without addition 
of air agents was noted. This was done to see if the soundness of the 
lime had any direct relationship to durability 


No attempt was made to find what the practical upper limit of air 
should be, based on its effect on bond strength, but data were taken on 
the effect of air on compressive strength. 


The research was conducted in two stages: first, a laboratory investi- 
gation of air in mortar mixes proportioned in commonly used ratios 
but using standard sand and a Hobart laboratory mixer; second, a field 
investigation of mixes using some of the same cementitious materials 
in commonly used ratios, but with field sand. In this manner the amount 
of air needed for durability in laboratory mixes with standard sand 
could be compared with the air needed for durability of field mixes 
with natural sand, having an ASTM median grading. 


MATERIALS AND FACILITIES 


Materials 

Cement — Type I portland cement conforming to ASTM C150 was used in 
both tests. 

Masonry Cement — Two brands conforming to ASTM C91 were used in the 
laboratory investigation and four brands were used in the field investigation. 

Laboratory sand—Standard and graded Ottawa sand was used according to 
ASTM specifications in laboratory mixes. 

Field sand — Regraded natural mortar sand was used. It was resized down 
the middle of the ASTM grading specification limits listed in C 144 except for 
the material passing the No. 100 sieve. For economic reasons 4 percent passing 
the No. 100 sieve was used instead of 8% percent. Information from other test- 
ing laboratories*™ indicated that this would make little difference in these tests. 
The sand had a specific gravity of 2.65 and an absorption of 0.6 percent. 

Lime —In the laboratory research eight different brands of lime composed 
of three Type S and five Type N limes were used to give a representative se- 
lection of the brands found in the east and midwest. For the field mixes the 
list was reduced to one high- and one low-autoclave expansion Type N lime and 
one low-expansion Type S lime. 

Air-entraining agent —A vinsol-resin type air-entraining agent conforming 
to ASTM C 260 was used in both laboratory and field mixes. 


Facilities 

Laboratory — All the laboratory tests made were run with equipment con- 
forming to ASTM C91, Ci50, C151, and C291. The Hobart mixer was used 
throughout laboratory tests. Freezing and thawing results were obtained using 
a freezer and method conforming to ASTM C 291, except as noted in the pro- 
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cedure below. Compressive-strength 
cube tests as well as autoclave and air 
tests for mortars were made using WILLIAM ZEMAITIS is an in- 
equipment conforming to ASTM C 91. structor in testing materials at 
An oscilloscope was used for determin- Lafayette College, Easton, Pa. 
ing Young’s modulus according to AS- The accompanying paper is con- 
TM C 215. Later, it was given up as an densed from his Master's thesis. 
impractical test for this research. A Mr. Zemaitis is taking his MS 


standard curing room was used to cure work at Lehigh University, Beth- 
all specimens according to ASTM spe- lehem, Pa 


cifications. 

Field—A portable 2-cu ft electric- 
powered mixer with rotating blades, the 
same as used in a Bureau of Standards masonry cement investigation, was used. 
The standard laboratory flow table was used to determine mix consistency. All 
other necessary laboratory equipment was used for compressive strength and 
durability tests with field materials. All field sand and cementitious materials 
for field mixes were weighed on a 125 lb capacity combination dial and beam 
platform scale. A pressure-type %-cu ft air meter with a 22 percent air capacity 
gage was used for air readings. The laboratory curing room was used to cure 
all specimens. 











TEST DETAILS 
Laboratory 


The specific gravities of the limes, cement, and masonry cements were 
determined as shown in Table 1. The Type S limes had a lower specific 
gravity than all but one of the Type N limes. 

The cement-lime combinations were autoclaved in 1:1, 1:144, and 1:2 
proportions by volume. The series of tests followed the method of auto- 
claving of masonry cements described in C 91, because there is no auto- 
clave soundness requirement for cement-lime mixtures. This group of 
tests gave expansions ranging from 0.17 to 23.4 percent as shown in 
Table 1. 

The masonry cements were tested in the autoclave according to ASTM 
C91 and gave expansions from 0.06 to 0.07 percent (Table 1). The port- 


TABLE I—CHARACTERISTICS OF LIMES AND CEMENTITIOUS 
MATERIALS ALONE AND IN MORTAR 


Autoclave results, expansion, 


percent Expansion | Autoclave, mortar 
, Mate- |Cement-lime combination moist room) expansion, percent 
Cementitious rial Specific) 15 months, |__ ae 


material alone 1:1 1:14% | 1:2 gravity ite mix | 


1:2:9 | 1:3 


Cement (1) 0.27 |} 3.12 
Masonry | 

cement (1) 0.07 2.91 
Masonry 

cement (2) 0.06 2.91 
Lime 6 (S) 2.36 
Lime 7 (N) 2.31 
Lime 5 (S) 
Lime 4 (S) 
Lime 2 (N) 
Lime 3 (N) 
Lime 1 (N) 
Lime 8 (N) 
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land cements were autoclaved according to ASTM C151 and had ex- 
pansions of from 0.27 to 0.29 percent. 

To see if the autoclave test results were reasonable, duplicate samples 
of bars made of the cement-lime combinations were placed in the moist 
room and their expansions measured over 15 months (Table 1). Exam- 
ination of the moist room growth showed that the autoclave gave a 
rough approximation of the behavior of cement-lime combinations in a 
moist atmosphere. 

Cube specimens 2 in. on a side, and 2 x 2 x 10 in. freeze-thaw speci- 
mens were made simultaneousiy with the mortar autoclave specimens. 
The mix consistency and the air content were determined according to 
ASTM C91. Compressive strengths were determined by an average of 
three tests from the same mix (Table 2). 

The durability specimens were proportioned by volume in 1:1:6, 
1:1144:6, and 1:2:9 cement-lime-sand ratios according to Section 20 of 
C91. The masonry cement-sand combinations were proportioned in the 
same way. They were cured and handled according to ASTM C 291. The 
durability results were obtained by freezing in 0 F in the air and thaw- 
ing at 40 F in the water using the method of ASTM C 291. The rest of 
the ASTM C 291 test was modified as below. 

When electronic equipment was used to determine Young’s modulus 


(as described in ASTM C 215), low air specimens failed at early cycles. 
Therefore, this test was abandoned and an arbitrary value was set for 
durability failure. Final failure was designated at the time of complete 


TABLE 2—MORTAR TESTS IN LABORATORY WITHOUT ADDITION 
i. OF AIR-ENTRAINING AGENT 


: Water 
Mixture ratios, Autoclave Air Compressive Required in Durability 
_ cement, Lime expansion, content, strength, 500 grams, failure, 
lime, and sand used percent percent psi ml cycles 


No. 6(S) 6.09 
7(N 0.10 
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Fig. |—lInitial and final points of 
failure 


surface spalling or of fracture through the cross section of the specimen. 
Spalling on the surface was considered initial failure. 

Fig. 1 shows the points of initial and final failure on a specimen. Fig. 
2 shows the appearance of final failure on mixtures of different pro- 
portions. A check was run with the electronic equipment on air-pro- 
tected specimens showing no sign of failure and they were found to 
have close to their original Young’s modulus. 

The amount of air-entraining agent necessary for a wide range of air 
contents was obtained on a separate series of mixes. 

Fig. 3 shows a typical graph on air agent demand for different air 
contents, obtained with a typical mix for one of the limes. 

Fig. 4 is a typical plot of the water demand against the air agent and 
air content. 

Fig. 5 is a plot of the compressive strength against air content deter- 
mined from tests of specimens. The original strength without an air- 
entraining agent was considered to be 100 percent as the air increased, 
the strength dropped off at approximately 3 percent for each 1 percent 
of added air. 


Fig. 2—Final failure in different mixes 
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Table 2 shows a tabulation of the original air content and durability 
of all materials without the addition of an air agent. Table 3 shows that 
durability is increased in a typical mix with the addition of an air agent. 


Field Mixes 


Proportioning — All batches were proportioned by volume, but the sep- 
arate ingredients were weighed on the platform scales. No field tests 
were run on the 1:114:6 mixes, because the lab test showed a close re- 
lationship to the 1:1:6 mixes. Lime was proportioned on the basis of 
40 lb per cu ft; cement at 94 lb per cu ft; masonry cements at 70 lb per 
cu ft (the weight printed on bags); dry sand at 80 lb per cu ft; and 
air-entraining agent by the milliliter. The sand was weighed and added 
in its previously separated size fractions. Approximately 1 cu ft of 
mortar was made per batch. The air-entraining agent was added to the 
water. Water was added to produce a flow of 130+5, the flow which 
produced acceptable field workability with these materials. The four 
masonry cement batches were proportioned 1:3 by volume. Later a 
final series of ASTM C 270 mortars was run with one brand of portland 
cement, one lime, and one masonry cement. These batches had no air- 
entraining agent added (Table 4). 

Mixing — All batches were mixed for a total of 5 min, during which 
the mortar constituents were added at specified intervals. After 5 min, 
a flow determination was made. If the flow was within the prescribed 
limits, compression and freeze-thaw specimens were molded. If the 
flow was not within the prescribed limits, the batch was discarded and 
the test rerun. 

Adjusting air — Increasing amounts of air-entraining agent were added 
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TABLE 3—EFFECT OF AIR ON DURABILITY AND COMPRESSIVE 
STRENGTH OF LABORATORY MIX USING NO. 7 LIME, 110 + 5 FLOW _ 


Cycles of durability 

Air, Compressive Original Final a 

Mix No. percent, strength, weight, weight, Initial Final 
percent psi psi Ib failure failure 


2200 1399 — 
1928 K —_— 
1613 32¢ 1322 
1480 3C 1307 


2044 
1830 
1615 
1335 


11.7* 58: : 
15.7* 5: 7 


*On other limes exact point of durability was found to be about 13 percent. 


to give five batches per test series of the same volume proportions. Air 
contents ranged from the air with no agent added to approximately 
14 percent. The same amount of air-entraining agent, regardless of the 
mix ratio, was used for the same number batch in each cement-lime 
series. In this way variation could be seen in air content due to mate- 
rials and proportions. There was some variation in similar mixes, 
probably due to the different limes. Air was determined with the 
pressure air meter from a sample taken from the batch after it had 
been dumped onto a nonabsorbent plate. Table 5 shows, in a typical 
field mix, the effect of air and flow on compressive strength and dura- 
bility. The 110 flow is listed to show what differences might be expected 
when testing field materials at a laboratory flow (Table 5). 

Durability — For these research tests a value of 100 cycles without sign 
of failure was selected to denote specimens which were considered 
durable for practical purposes. The initial and final points of failure 
were arbitrarily determined as in the laboratory mixes. 


TABLE 4—EFFECTS OF AIR AND LACK OF AIR ENTRAINMENT 
ON ASTM C 270 MIXES WITH FIELD SAND 


Portland | | Compres- | ASTM Durability 
ASTM cement Masonry | sive required cycle of 
mortar parts, cement, Lime, Sand, strength, | strength, complete Air, 
designation| Type I parts parts parts, psi psi failure percent 


1 0 : 6258 3500 7.0 
1 2641 2500 No failure 20.5 
1 33 4500 2500 77 5. 
1 6 | 32295 1800 27 . ae 
y | 1800 No failure 20 

4. 

1. 





750 


10 
750 No failure 2 


350 
75 
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TABLE 5—STRENGTH AND DURABILITY DIFFERENCES OF 1:1:6 
FIELD MIX DUE TO CHANGE IN AIR (NO. 7 LIME) 


110 + 5 laboratory flow 


Mix No Air content, 28 Day strength, a 


percent psi Initial Final 


8 20 
80 _ 
None in 100 cycles 
None in 100 cycles 
None in 100 cycles 


7 20 
15 70 
70 — 
None in 100 cycles 
None in 100 cycles 


Compressive Strength — Fig. 6 shows the compressive strength bands 
obtained from all typical 1:1:6 and 1:2:9 mixes as air content increased. 
The lower line of each band is the minimum strength for all samples 
at 130+5 flow (field consistency) and the upper part of each band is 
the maximum strength results at 110+5 flow (laboratory consistency). 
Therefore, all mixes fell within these limits. 


DISCUSSION OF RESULTS 
Specific gravity, autoclave 


It was noticed that some of the high specific-gravity limes tended to 
give slightly better durability when used in the cement-lime mixes. 
However, they also gave high expansions in the autoclave tests. Fur- 
ther research might show specific gravity of a lime to be a rough indi- 
cation of its expansion characteristics. In this research durability of 
cement-lime mixes was in no case sufficient without the addition of 
entrained air, regardless of the soundness of the lime. 


Durability 


The amount of air required for durability in the laboratory mixes 
was slightly higher than for the field mixes. Even though less water 
was used in the laboratory mixes, they were not improved enough to 
make them more durable than the field mixes with a higher water 
content. 


With the 1:1:6 mixes, an air content of about 12 percent was required 
for durability in the laboratory, but only 11 percent was required in 
the field. For the 1:2:9 mixes, about 14 percent air was required in the 
laboratory and 13 percent was required in the field. This research 
indicates that any mix with enough air for durability in laboratory mix- 
es made with standard sand will be durable with a like amount of air 
in field mixes. 
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Fig. é—Compressive strength bands for |:1:6, 1:2:9 cement-lime field mixes as 
determined by flow and air 


All masonry cement mixes were durable in the laboratory and in the 
field without the addition of more air-entraining agent. The strength 
and air content for four typical 1:3 masonry cement mixes at a 130+5 
flow, are plotted in Fig. 6. 


From the durability results, it would seem desirable to have a mini- 
mum air content in all ASTM C 270 cement-lime and masonry cement 
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field mixes. In this research the upper limit of air, insofar as com- 
pressive strength is concerned, is about 17 percent for 1:2:9 mixes and 
about 21 percent for 1:1:6 mixes. The masonry cement field mixes in 
this research had sufficient strength at 16-17 percent air. The effect 
on bond strength was not investigated. However, an upper air limit, as 
low as is reasonable for durability protection, would be a wise pre- 
caution because of the probable effect of air on bond. A tentative figure 
might be 14+3 percent for all Type M, S, and N cement-lime and ma- 
sonry cement mixes and 15+2 percent for all Type O and K mixes. 


All ASTM C 270 cement-lime combinations tested in the field show a 
need for more air for durability (Table 4) and all portland cement-— 
masonry cement or masonry cement mixes alone had sufficient air for 
durability. The cement-lime mixes failed in durability, even though 
the portland cement was a high-strength Type I. 


CONCLUSIONS 


1. The laboratory investigation of cement-lime mortars composed of 
eight different limes showed that all cement-lime mixes need the addi- 
tion of an air-entraining agent to give them durability. As few as five 
cycles of freezing and thawing destroyed some 1:2:9 mixes. No ASTM 
C 270 cement-lime Type N mix lasted over 26 cycles without added air. 
No ASTM C 270 cement-lime combination of any non-air-entrained mix 
lasted 100 cycles without damage. 


2. All masonry cement combinations were durable up to 100 cycles 
(some specimens taken to 300 cycles) at which point the tests were 
terminated. There was little change in Young’s modulus for the masonry 
cement specimens checked by the oscilloscope after 300 cycles. 


3. A lower air limit of 11 percent is suggested for ASTM C 270 Types 
M, S, and N mixes and 13 percent for Types O and K. 


4. The practical upper limit on air could be as high as 20 percent for 
Type N mixes in this research insofar as compressive strength is con- 
cerned. For Types O and K the upper limit should be about 17 percent. 


5. No data were taken on the practical upper limit insofar as bond 
strength is concerned. For that reason it is suggested that air should be 
held close to the lower limits. 


6. It is suggested that practical air limits for durability safety with 
ASTM C270 mortars exposed to weathering could be 14+3 percent 
for Types M, S, and N and 15:+2 percent for Types O and K. The nec- 
essary air can be provided by adding an air-entraining agent. 


7. The soundness and specific gravity of limes did not change the 
durability of mortars enough to make lime a factor in getting a durable 
mix. An air-entraining agent was needed in all cases. 
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Title No. 56-30 


Self-Service 
Parking Structures 


By RICHARD C. RICH and WILLIAM J. ROUKE 


The basic functional requirements for self-service parking structures — 
clean traffic flow, protection against obsolescence, gradual slopes and 
turns, and smooth transitions between changes in slope — are met eco- 
nomically with reinforced concrete. Cost comparisons are provided for 
several recentiy built parking structures. 

Application of these general requirements is illustrated in the 630-car 
facility completed in Edmonton, Alberta. One-way traffic flow throughout 
is facilitated by elongated twin helical ramps nested within one another. 
A circular express down ramp also makes use of nested helixes. Foundation 
construction, beam and column design problems, radiant heating in slab, and 
a structurally separate stair and elevator tower are among building ele- 
ments highlighted for discussion. A transverse expansion joint dividing the 
320 ft long building is described, and structural details incorporated to 
provide for future expansion to !000-car capacity are explained. 


GH Demanvs on THE pesiGNeR of multiple level structures for parking 
automobiles are changing today almost as rapidly as the automobile 
themselves. The current demand for self-service parking in the multi- 
level decks under way in 1950, and has since gained in popularity 
almost to the point of monopolizing the field. In designing a self-service 
facility, one has to plan not only in terms of the number of cars to be 
parked, but in terms of the average driver’s skill in handling his car. 
A parking customer is discouraged if he must maneuver intricately, 
dodge columns, cross traffic, and climb steep ramps, when all he wants 
to do is park his car. The designer tries to provide the open feeling of 
the parking lot, keeping columns at the perimeter of parking areas 
wherever possible. All slopes, turns, and transitions must be planned 
to smooth out the pattern of traffic flow, maintaining easy maneuver- 
ability in the minimum amount of space. 

Since about 80 percent of the cost of a parking deck can be attributed 
to foundations and superstructure, the structural designer is charged 
with unusual responsibility for economy as well as stability. With the 
structural frame ordinarily fully exposed (Fig. 1), the designer bears 
an additional responsibility for esthetic considerations. 


473 
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Fig. |—Miami parking deck (rear view), unadorned except for painting, is typical 
of the exposed concrete structure which may also constitute the building's main 
esthetic elements 


The authors’ firm bases its fees on the area of the building and not 
on the construction cost. It is their belief that the engineer or architect 
should not benefit by increased cost of construction from one geo- 
- graphical area to another; neither should he suffer financially for doing 
the best job he can for the owner in producing an economical building. 


FUNCTIONAL REQUIREMENTS 


Many basic schemes of traffic flow have been successfully used by 
the authors. Easy entry and exit, simple traffic flow, and protection 
against obsolescence occasioned by changes in automobile design must 
be considered. One-way traffic flow throughout is preferred for sim- 
plicity of operation, and this gives rise to the express down ramps, 
either circular or straight run. These sometimes project from the build- 
ing proper (Fig. 2); sometimes they cut down through building floors. 

A parking garage might easily lose as much as one-third of its ca- 
pacity because of changing car sizes. Suppose a parking area has column 
locations established to provide clearance for three cars. Car widths 
may be quickly increased to the extent that only two cars would fit 
in the space. For the best traffic flow and protection against auto de- 
sign changes, there should be no interference of columns within the 
parking and driving area. This calls for long span bays in one direction, 
placing all columns on the fringes of the floors or parking levels. Struc- 
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Richard C. Rich, chief designer of National Garages, Inc., Detroit, has designed, 
during the past 6 years, approximately 60 parking decks in the United States 
and Canada. @ ACI member William J. Rouke is chief engineer of Enco 
Engineering Co., Detroit. In the last 4 years he has specialized in parking deck 
structures and during this time his organization has designed approximately 
20 parking decks throughout tne United States and Canada 











turally speaking, this is more costly, but the functional gain is consid- 
ered well worth the additional expense. 

Floor and ramp slopes and turns in the deck must be gradual enough 
to maintain driver confidence. Headroom requirements or the joining 
of two drive paths may also call for smooth slope changes. Operating 
efficiency of the whole deck rests upon meeting these requirements 
for smooth transitions. 

A primary reason for the selection of reinforced concrete as the mate- 
rial for parking structures is its ability to provide these smooth transi- 
tions in floor slope. Concrete can be readily shaped into warped sur- 
faces and easily blended between changes in slope. 


CONSTRUCTION ECONOMY 


Economy is another major consideration. Even disregarding the fire- 
proofing so often required for construction other than in concrete, and 
insurance rates on contents generally carried by the owner, and con- 
sidering a shorter construction period (which is controversial), struc- 
tural steel would be comparatively uneconomical. Alternate schemes 
using steel framing, as well as other types, have been made by the 
authors for pricing on recent projects, and comparisons have been made 


Fig. 2—Express down ramp 

cantilevered from main 

structure of Bay Parkade 

built in Calgary, Alberta, 
Canada 
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TABLE | — COST DATA FOR SELF-SERVICE PARKING GARAGES 


Location in U.S. ‘|Costs, dollars per sq ft of construction ; area | 
and year built —! Cost per 
(each line is a | Reinforcing] Capacity, | car space, 
separate project) Concrete| Forms | st teel | Elevators | cars | dollars 
| 
| 
| 











| 
| East Coast, 1959 | r 083 


0.31 
Middle East, 1958 | gy 0.97 0.35 


| Middle East, 1959 4 | 08 | 047 


North Central, 1958 | 093 | 0.24 


| North Central, 1959 33 | 068 ~ 0.26 


Long span, 52-54 ft 


Central, 1957 “1.8% 078 | 0.28 


Northwest, 1958 6 0.75 


West Coast,1958 | 100 | 0.71 0.86 





c 
a eiatlicesaintinadantsi ———— aS: ae —— 
ry South, 1957 ‘ 0.72 





on this basis. Typical preliminary designs in steel are about 25 percent 
more than the cost of comparable facilities in concrete. 
Average cost for long span (50-54 ft) structures designed by the au- 
thors is $4.00 per sq ft. Short span structures (about 35 ft) average 
$2.35 per sq ft. Table 1 gives a breakdown of construction cost elements 
for units recently completed or in process, and shows per car costs of 
parking spaces ranging from $660 to $1440, the lowest figure being for 
a short span structure without an elevator. These costs may be com- 
pared with designs by others: two municipal decks in Pittsburgh cost 
$3000 per car space; an underground garage in Detroit cost $4000 per car; 
and various privately built decks range in cost from $1600 to $2800 per 
car space. (Unusual foundation conditions or extensive customer conveni- 
ences may be responsible for some of these higher per car figures.) 


Scheduling the elevator installation 


Careful attention to construction scheduling can produce definite 
economies—for example the separate and early completion of elevator 
shaft structures. In a conventional building, the elevator contractor has 
time to do his work while various finishing operations are in process, 
but in a parking deck there is little or no finish work. Once concreting is 
completed and the curing finished, the facility is virtually ready for 
business. Parking decks have been delayed in opening as much as 10 
to 12 weeks, because in the sequence of concrete construction, the ele- 
vator machine room is the last area to be concreted. Early completion of 
the elevator shaft as an independent tower allows for the elevator in- 
stallation to be completed and the elevator in operation when the build- 
ing is completed. 

Structurally the elevator tower is composed of solid reinforced con- 
crete walls surrounding the elevator and its adjoining air shaft, with 
the only openings being those for elevator doors (Fig. 3). Solid shear 
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walls in two directions give ample stiffness to resist wind loading in 
the brief time that the shaft stands alone. The small extra cost of the 
independent tower is balanced by the earlier completion of the project. 
It is worth noting that on some projects construction time, and perhaps 
cost, have been reduced by precasting elements or slip forming the 
tower. 


Waterproofing problem 


Retail trade areas incorporated into the ground level of a parking 
structure are often finished at high unit costs, and we have tried differ- 
ent methods of waterproofing these areas. At one time a double slab 
with membrane and sand barrier between was used, but when cracking 
or leaking occurred in the membrane, the whole concrete slab had to 
be taken up since water could travel under the wearing slab, and leak- 
ing in one spot could be due to a crack in the concrete 100 ft away. We 
are currently using a 1!.-in. depression in the structural slab with a 
one- to three-ply membrane of impregnated fiber glass mat covered 
with 14 in. of asphalt or Mulsomastic wearing surface. 


Fig. 3—Typical construction schedule requires completion of elevator structure 

in advance of main construction. This elevator shaft was completed in 4!/, days 

by utilizing precast floor slabs (collars) and walls. Work proceeds (foreground) 
on express down ramp for this self-service garage in Des Moines, lowa 
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BUILDING THE EDMONTON PARKADE 
General layout and traffic flow 


The 630-car Bay Parkade was built in Edmonton, Alberta, Canada, 
in 1958 for about $4 per sq ft, exclusive of land cost and engineering 
fees. The open exterior appearance of the building, based entirely on 
its reinforced concrete frame, was desired for the purposes of advertising 
the building’s use and keeping the open feeling of a parking lot (Fig. 4). 
The columns are indented slightly from the spandrel beams, giving 
emphasis to horizontal lines, and the exterior is painted in colors that 
further accentuate the desired lines. Elevator and stair tower were 
located as close as possible to the department store served by the park- 
ing facility in an attempt to reduce the apparent distance between 
buildings. 

The main structure is rectangular, 320 x 150 ft in plan, with a projec- 
tion to the south for the circular down ramp (Fig. 5). The building 
rises four levels at 103rd Street on the east, and extends all the way 
to 104th Street on the west where it rises three levels. Typical 
floors are divided into three 50-ft bays in the north-south direction, and 
traffic flows in an elongated circular pattern (Fig. 5) in the outside 
bays, with the inside bay used as a bypass lane. The 50-ft clear distance 
between columns allows for parking stalls at a 55-deg angle on either 
side of a common drive path. Floors slope gradually to form a con- 
tinuous ramp to the top level, and on each floor there is access to the 
circular down ramp for fast exit. 


Fig. 4—Bay Parkade, Edmonton, Alberta, Canada 
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Fig. 5—Typical fioor plan 
of Edmonton parking struc- 
ture 
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TYPICAL FLOOR PL an 


The deck is actually an elongated twin helix ramp, the long runs, 
comprising 360 deg of turn, rises two levels or about 20 ft, yet it main- 
tains a gradual slope of about 2.7 percent necessary for easy parking. 

A second similar helix is nested into the first as shown in Fig. 6, 
making the floor to floor height between alternate helixes 10 ft. Cars 
entering from each of ‘the two streets are on different helixes, but 
traffic control on the two interchanges shown can maintain a balance 
of parking. Since the interchanges are more of a blending nature than 
a crossing of traffic, there is little danger of an accident. 

The circular down ramp is also formed by two nested helixes, again 
allowing a 10-ft story height. The two ramps are joined at the ground 
level by sending one ramp outside the common circle and changing 
slope sufficiently so that the two blend together near the ground. The 
main car exit is on 103rd Street. 

The twin helix scheme shortens the distance traveled in reaching 
extreme parking stalls and in exiting. If the deck were a single helix 
a driver would travel eight blocks to the most remote parking stall, 
and make four complete revolutions on the down ramp to leave. With 
the nested helixes, the farthest parking stall is less than half that dis- 
tance from either entrance, and only two revolutions on the down ramp 
are needed. 


a 


.= 


Fig. 6—Two nested helixes 

rise 20 ft per revolution, 

yet maintain 10-ft floor-to- 
floor height 
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Foundation problems 


At 2 to 3 ft below grade a fine to medium sand was found which 
extended to a depth of 6 to 8 ft. Below this stratum, and extending to 
a depth of about 17 to 20 ft, there was inorganic clay of medium to high 
plasticity. The next stratum was a dense interglacial deposit of sand. 
These conditions suggested two alternatives in foundation design: (1) 
spread footings might be placed below the frost line, about 6 ft deep, 
with design based on an assumed soil pressure of 5000 psf; or (2) foun- 
dations might be extended through the clay to the interglacial sand 
to take advantage of much higher bearing capacity. 

Preliminary foundation designs based on these two possibilities were 
submitted for local price estimates. Of four alternatives—spread foot- 
ings in the upper sand layer, drilled and belled unreinforced concrete 
caissons, Franki piles, and H-piles, the latter three all extending to sand- 
rock—drilled and belled caissons were priced far below the others. 
Their cost was estimated at about half that of the spread footings, which 
was next low. 

Drilling and belling of caisson holes was done with a drilling rig, ef- 
fecting a substantial time saving. All 96 caissons were drilled and con- 
creted in only 31 working days, with as many as seven caissons being 
completed in a single day. 

Use of caissons eliminated a problem which would have been en- 
countered with spread footings. Exterior columns of the east-west lane 
were to be placed close to the north property line. With the restricted 
limits of footing extension into the lane, these footings would have 
been positioned eccentrically with the column, making it necessary to 
tie them back to the interior columns of the building. The caisson sizes 
were smail enough, however, to eliminate this condition. 


Design considerations 


Columns — In the east-west direction columns were spaced for maxi- 
mum economy, taking into consideration the functional scheme to see 
that none were in awkward positions. Three considerations were fore- 
most: 


1. Maximum repetition of equal spaces 

2. Economical slab depth 

3. Sufficient room to pass between these columns in the drive path 
Spacing was established at 16 ft 9 in., and the 5-in. floor slab spanned 
this distance. Only straight bars were used in the slab, and economy 
was achieved through equal lengths of steel, no bent bars, and maxi- 
mum reuse of forms. Interior columns were rectangular, with the long 
dimension oriented to minimize encroachment on floor area. Hard grade 
steel was specified to keep column sizes down. 
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Long span beams — The beam which spans the 50-ft direction and sup- 
ports the floor received special attention. The floor dips about 6 in. 
down from the drive path to the outside of the parking stall. This dip 
offsets the rise of the floor along the ramp, providing a level area for 
parking. The beam bottoms are generally held level. Allowing 7 ft of 
headroom, beams are 3 ft deep at the center of the span, decreasing to 
2 ft 6 in. at supports for the typical condition. 

There are two types of long span beams. One type is continuous 
across two 50-ft spans, supporting the bypass lane and the adjacent 
parking level which is at the same elevation. In this case, the bottom 
of the beam follows the slope of the floor above at the continuous sup- 
port to provide a maximum depth for negative moment. In the other 
case, beams spanning the 50 ft width of the individual parking level 
are designed primarily as single span beams with support restraint 
provided in the form of large dowels. The dowels overlap the bent steel 
of the beam and project 6 ft into the column, giving it additional bend- 
ing capacity. 

The beam size was based on T-beam design in accordance with elastic 
theory. Tension reinforcement was designed by the ultimate strength 
method, with 40,000 psi specified as the minimum yield point of the 
steel—a requirement that could be met by either hard or intermediate 


grade steel. Deflection was calculated to be 2'% in., and a compensating 
2-in. camber was provided at the center of beams. 


Circular down ramp — At the southeast corner of the building is the cir- 
cular down ramp, 70 ft in diameter at the outside, with 20 ft of the 
circle projecting into the rectangle of the building. The 70-ft diameter 
allows adequate drive path radius to offset the 10 percent slope, and 
gives traffic a generous roadway. A 1-in. expansion joint separates the 
ramp from the building to take care of any differential expansion or 
contraction. Supporting columns for the down ramp are arranged in 
two circles, one at the interior edge of the drive path, and one at the 
exterior (Fig. 7). Curved beams frame into these two circles of columns 
and the down ramp slab spans between the beams. Maximum span of 
the curved beams is 37 ft. 

These supporting curved beams are upturned 2 ft above the slab to 
provide a guard rail base on each side of the drive path, giving the 
driver both physical and psychological security. Because they are up- 
turned and in a circular line, the torsional effect on the beams is re- 
flected in relatively heavy reinforcement, especially that for diagonal 
tension. 


Expansion joint — Because of the 320-ft length of the building, an ex- 
pansion joint was needed approximately at the building’s center. Ob- 
jectionable features of a double column joint—bulky appearance and 
inherent leakage problems—were bypassed with the design of a canti- 
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Fig. 7—Curved beams frame into two circles of column to support the twin helix 
down ramp. Construction of upper deck proceeds in background 


levered expansion joint. The joint was placed off the edge of the long 
span beams in such a position that the moment due to the cantilever 
was equal to the negative moment over the support of a typical interior 
bay. This location worked out to be about two-tenths of the span. 

Fig. 8 shows the extension of the thickened cantilever slab to provide 
a support seat for the adjacent slab. This location made the joint in- 
dependent of columns, and the same detail was used across the entire 
building width. Brass plates were used at the sliding joint to resist 
corrosion, a continuous rubber waterstop was put in the upper part 
of the joint, and the rest was filled with expandable material. 


Independent elevator and stair tower 

The tower housing the elevator and adjoining stairway was required 
to be built separately and completed early so that elevator installation 
might proceed. Because additional space was needed to house equip- 
ment, the machine room level was extended about 5 ft to the south, 
supported by east and west tower walls acting as cantilevered beams 
(Fig. 9). They supported the extended south wall, which in turn carried 
its portion of the machine floor and roof. 

The stairway adjoining the elevator shaft is open on two sides, one 
side facing directly on the parking deck, and the opposite one a con- 
tinuous wall of glass. The stair slab spans from the elevator shaft to 
outside stair wall, and serves as a diaphragm joining stair wall to ele- 
vator shaft. 
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Fig. 8—Building expansion em a cox 
joint detail 


CONTINUOUS RUBBER 
WATER STOPPER .~ 














Radiant heating in steeply sloped slabs 

Edmonton’s extreme weather conditions and the openness of the 
deck to the elements called for radiant heating in some of the slabs. 
The entire down ramp, with its 10 percent slope, is provided with radi- 
ant heating, as are slabs near the entrances. Dangerous icing conditions 
with their attendant maintenance problems of sanding or salting can 
thus be avoided. 

Heat coils were placed in the center of about 3 in. of concrete which 


may be regarded as fill above the 5-in. structural slab. Placing coils 
in the upper part of the 8-in. thickness makes more heat available on 
the upper slab surface. Operation of the system is automatic, based on 
an outside thermostat set for low temperature. It can also be turned on 
manually for snowfall at higher temperatures. 


Fig. 9—Construction view of machine 

room at top of stair tower. It extends 

south from main tower, supported by 

east and west walls acting as canti- 
levered beams 
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Construction sequence 

Construction began July 1, 1957, on a site occupied by a parking lot 
and a cleaning establishment. The contractor agreed to release as much 
as possible of the ground area for Christmas season parking, and the 
dry cleaner was not to vacate his site until the following February. 
The construction sequence was determined within these limitations. 

First, all caissons in the area available were concreted, and then the 
contractor leveled the area to be returned for parking lot use. Since 
this area was all on the east side of the building expansion joint, the 
joint offered a good stopping point and all superstructure work before 
the winter shutdown was west of the joint. 

The structurally independent down ramp was completed first, sim- 
plifying blending of floor slopes to meet the ramp slopes—which was 
done entirely on the parking deck floor, so that traffic flowing down 
past the entrances would not be affected by slab bending or warping. 

On February 1 in extremely cold weather, demolition began on the 
cleaning establishment, and the contractor took advantage of design 
provisions calling for early completion of the independent elevator- 
stair tower. He erected a heated enclosure around the entire tower site 
and completed the tower during weather too cold for exposed concreting. 
This left ample time for the elevator contractor’s work, and the genera] 
contractor went back to the major building construction with the advent 
of favorable weather. The building was completed and open to business 
in August, 1953. 


Provisions for future expansion 


Considering possible future needs, the Edmonton structure was 
planned for ultimate expansion to 1000-car capacity. Much of this fu- 
ture work could be accomplished without disturbing operation of the 
lower floors of the present facility. 

Foundations and columns were made ample to carry an additional 
two floors of parking, and exterior columns were extended above the 
top deck to serve as restraints for the cable hand rails and steel bumpers 
of the present top deck. Threaded dowels and sleevenuts were provided 
for column bar extensions, and the sleevenuts were greased and capped. 
Floors were terminated in places where a future slab could be easily 
seated on an existing beam. Any columns cast higher than future beam 
elevations contain pockets to receive the beams. 


Elevators do not serve the present top parking level, so any expan- 
sion would require raising the machine rcom an additional two stories. 
The present machine room was put at the elevation of a possible future 
floor so that it would only be necessary to remove the cantilevered por- 
tion of the room and make the extension. 
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Provisions for a third and fourth elevator were also made, including 
foundations low enough to provide for the pit, knockout panels at each 
floor, keys with threaded dowels, and sleevenuts in the present walls 
and columns to provide for the walls of the shaft. The stairs reach the 
machine room in the existing building, and so only one additional run 
would be needed. A channel was buried in the top landing to receive 
the slab, and the wall extension provision is much the same as the 
other vertical extensions mentioned. 

Columns of the down ramp have been prepared for extension in the 
same way as exterior columns of the main structure. Each slab of the 
down ramp would have to be extended one full revolution to serve the 
two extra floors. Removal of the upturned parapet will expose a seat 
for the slab for future extensions. A bracket on the column, at this 
point, will receive future supporting beams. 

In anticipating the possible need for a tunnel from the department 
store to parking deck, a knockout panel was provided in the exterior 
wall; elevator pits were located below the basement so that elevators 
might ultimately serve the basement. Plans were also made for ex- 
panding the size of the basement. 
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Title No. 56-31 


Design of L-Shaped Columns 
with Small Eccentricities 


By L. S. MULLER 


Proposed design method is applicable to L-shaped column sections 
symmetrical about a 45-deg axis, where eccentricities do not exceed 
the limit of cracking of the section. Three sets of tabulated values save 
computation work and shorten the design procedure. One example is 
worked out completely. 


BB ODererMination oF stresses in a corner column of symmetrical L- 
section with small eccentricities of load involves the calculation of a 
number of characteristics of the section. These include: moments of 
inertia and products of inertia (centrifugal moments of inertia) for con- 
crete, steel, and resultant section; location of the center of gravity; 
and extreme fiber distances from an axis through the center of gravity. 
If these calculations are to be made on the basis of time saving tables, 
the solution must be restricted to certain obvious patterns. 

Two typical patterns shown in Fig. 1 and 2 have been investigated. 
The column sections shown have, respectively, 8 and 12 equal rein- 
forcing bars arranged symmetrically with respect to a 45-deg axis. 

Quantities referring to the concrete section may be defined as func- 
tions of a single variable, 8. Characteristics of the steel section may be 
defined as functions of 8 and y, and of p, and n. Since p, and n are not 
peculiar to the pattern chosen, the tabulated values are functions of 
8B and y only. 


NOTATION 


Refer also to dimensions indicated in a, = coefficient of Btp,(n—1) for 
Fig. 3. moment of inertia of steel 


A, 


A, 


é B’, over-all (gross) area of 
concrete, sq in. 


-cross sectional area of rein- 


forcing steel, sq in. 


- coefficient of B* for moment of 


inertia of concrete area 


= long dimension of symmetrical 


L-section 


— short dimension of symmetrical 


L-section 


= b/B, ratio defining shape of 


concrete area 
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c/B, ratio defining cover of 
steel 


- coefficient of B* for area of 


concrete 

eccentricity of N in x direction, 
measured from resultant center 
of gravity of section 


- eccentricity of N in y direction, 


measured from resultant center 
of gravity of section 

minimum specified compressive 
strength of concrete at 28 days 


-nominal allowable stress in 


vertical steel 


= nominal axial unit stress 


axial load divided by gross 
area, A, 


- actual bending unit stress 


fs caused by moment in plane 
of x-axis at point i of section 
te i Se 


=f» caused by moment in plane 


of y-axis at point i of section 
(¢=21, 2...) 


=nominal allowable axial unit 


stress 


—- allowable bending unit stress, 


if only bending stress existed 


- unsupported length of column 


a,B‘, moment of inertia of con- 
crete section with respect to 
x- or y-axis through center of 
gravity of concrete section. 
a,B'p, (n—1), moment of in- 
ertia of steel section with re- 
spect to x- or y-axis through 
center of gravity of steel sec- 
tion 

2,B*, moment of inertia of con- 
crete section with respect to 
45-deg axis of symmetry 

(a, + u,) B*, least moment of in- 
ertia of over-all concrete area 
about center of gravity axis 


perpendicular to the 45-deg 
axis of symmetry 

1..B*p, (n — 1), moment of in- 
ertia of steel section about 45- 
deg axis of symmetry 

u, B*, product of inertia (cen- 
trifugal moment of inertia) of 
concrete section with respect 
to x- and y-axes through cen- 
ter of gravity of concrete sec- 
tion 


-u.B' p, (n—1), product of in- 


ertia of steel section with re- 
spect to x- and y-axes through 
center of gravity of steel sec- 
tion 


= coefficient of B* for moment of 


inertia of concrete section with 
respect to 45-deg axis of sym- 
metry 


- coefficient of Btp, (n—1) for 


moment of inertia of steel sec- 
tion with respect to 45-deg 
axis of symmetry 


- coefficient of B* for product of 


inertia of concrete section with 
respect to center of gravity of 
concrete section 

coefficient of B‘p, (n—1) for 
product of inertia of steel sec- 
tion with respect to center of 
gravity of steel section 

N e., bending moment in plane 
of x-axis, in.-kips 

N e,, bending moment in plane 
of y-axis, in.-kips 

modular ratio 

axial load applied to column, 
kips 

coefficient of B* for resultant 
moment of inertia of section 
coefficient of B* for resultant 
product of inertia of section 
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= y Bt, resultant moment of iner- tion from B/2-axis in x or y 
tia of section with respect to direction 
x- or y-axis through resultant ¢ = coefficient of B for distance of 
center of gravity center of gravity of resultant 
= $B‘, resultant product of iner- section from B/2-axis in 2x or 
tia of section with respect to y direction 
x- and y-axes through result- , Y, — & b, distance of center of 
ant center of gravity gravity of concrete section 
reduction factor for tied col- from B/2-axis 
umns De = y. — §. B, distance of center of 
| gravity of steel section from 
n =1 ro , least radius of gyra- B/2-axis 


ti f 1 ' = y,—tB, distance of center of 
¢ ver- oncrete area . 
ae ee Crees Cone gravity of resultant section 


coefficient of B for distance of from B/2-axis 

center of gravity of concrete 1” : 

section from B/2-axis in x or * Ss ratio of resultant prod- 
y direction uct of inertia to resultant mo- 
coefficient of B for distance of ment of inertia 

center of gravity of steel sec- . = I, — I,“ v = auxiliary value 


DERIVATION OF FORMULAS 


Constants of concrete section depending on £ alone 


b »>\* J 
A, = b(2B — b) -B| 2 (2)- (4) |; (26 — B*) B? = dB’ . (1) 


(B — b) (1 — 8) , 
2(2B —b) = 2(2—p) 2=%8 (2) 


oe 


Moment of inertia with respect to x- or y-axis through center of grav- 
ity of concrete section 


5B'b — 10B*b* + 11B*b* — 6Bb‘ + b 
12 (2B — b) 


5p — 10f* + 116" — 6 + 
7 12 (2— B) 


— Gy B‘ (3) 


Moment of inertia with respect to 45-deg axis of symmetry 


I, 


B‘ (B — b)* 1— (1—6)* 
i” = ii - = 12 | - BY=2, B (4) 


Product of inertia with respect to x- and y-axes through center of 
gravity of concrete section, according to relations given by Miuller- 
Breslau:! 

i =4 (1° 4-1.) —1,°=—I, —I,” 
and 


(a, — A,) B* = np, B* (5) 


Calculated values of 4, &,, a,, and uw, are given in Table 1 for values 
of B from 0.2 to 0.9. 
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Constants of reinforcing steel section, depending on £8 and y 


(a) For Pattern I, eight bars (Fig. 1): 


2B + 2c — 3b ( 
8 — 


2+ 2y — 38 , 
5 -)B=5.B 
3 


d 
I, 64 (4 — 48 + 5p? — 8y — 12By + 20y") (n — 1) p, - B* 


38 
= ea (4 — 48 + 5p* — 8y — 12By + 20y’) (7) 
I, = p, (n — 1) a, B (8) 
Moment of inertia with respect to the 45-deg axis of symmetry 


n—1)5 Bt 
Po 4 {1+ p> — 6 (1+ 2y) —2y(1 — 2y) ] 





and with 


= ae 4+ B?— B(1 + 2y) — 2y(1 — 2y)] (9) 

I,** =p, (n—1) i, BS (10) 
and the product of inertia with respect to x- and y-axes through center 
of gravity of steel section: 


I.°*=I1,—I,"° = (a. —A.) p, (n — 1) B = pp, (rn — 1) B (11) 
Computed values of é,, a,, and u, are presented in Table 2 for B= 


0.2 to 0.9, and y = 0.05, 0.10, and 0.15. In Table 2 (and in the following 
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Fig. |—Pattern |, typical L-shaped col- Fig. 2—Pattern Il, typical L-shaped col- 
umn section with eight reinforcing bars 


umn section with 12 reinforcing bars 








L-SHAPED COLUMNS 


TABLE | — CALCULATED VALUES OF 35. é,, a,. AND yp, 
FOR 6 RANGING FROM 0.2 TO 0.9 


: a, 
0.36 0.1778 0.0314 
0.51 0.1441 0.0417 

(0.64 0.1125 0.0500 

0.75 0.0833 0.0573 

0.84 0.0571 0.0641 

0.91 0.0346 0.0705 
0.96 0.0167 0.0765 


0.99 0.0045 0.0813 


Table 3) €, is positive if the center of gravity of the steel section is on 
the same side of the B/2-axis as the center of gravity of the concrete 
section, and negative if on the opposite side. 


(b) For Pattern Il, 12 bars (Fig. 2): 


3B + 2c — 4b 3+ 2y — 4p 


12 = 12 ‘B=%.B 


rs) 
144 (27 — 248 + 266° — 60y — 56fy + 116y*) p, (n — 1) B* 


= p, (n— 1) a, B* (13) 


é 
a= 744 (27 — 248 + 26p* — 60y — 56By + 116y’) 
Moment of inertia with respect to the 45-deg axis of symmetry: 


; p,(n — 1) 5B ; 
ee ee [6 + 5p? — 28 (3 + 4y) — 4y (3 — 5y) ] 


=p, (n—1)i1, B 
: 6 a > 
ie 94 [6 + 5p* — 26 (3 +4y) — 4y (3 — 5y) ] 


Product of inertia with respect to x- and y-axes through center of 
gravity of steel section: 
I,°*=I1, —I1,°° = (a. —i.) p,» (n—1) B=uwp, (n—1) BY (15) 


Calculated values of é,, a,, and u, are given in Table 3 for the same 
values of 8 and y as in Table 2. 
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L-SHAPED COLUMNS 
Calculation of stresses 


Distance of resultant center of gravity from [6/2-axis: 


A,z,+A. (n—1) x. E,+ p, (n—1) &, B 
A,+ A, (n—1) — 1+p,(n—1) 


re=y-=tB 


(16) 
Resultant moment of inertia for x- or y-axis through resultant center 
of gravity 


A, (C —E,)*+I1.+ (n—1) A. (C —E.)? 


¢ — —,)*B‘ + a,p,(n — 1) B* + (nm — 1) p, (S$ — &.)*B* 


1 
C—£E,)* +p, (n—1) [a +8(€ —E 


E.)*]( B= nB* (17) 


Resultant product of inertia with respect to x- and y-axes through 
resultant center of gravity: 


| Fo I,** 4+- A,(C — E,)* + I,°7 + (n 1)A.(6 —E.)? 
/ 

pM + 5(S—§,)* + p(n —1) [a + OE , B dB‘ (18) 

According to Cross** and Opladen* 


N 
f(x,y) 


A,+ (n—1)A., 
where 


and J 





























Fig. 3—Location of certain dimensions 

on the column cross section, as ex- 

plained in the notation and used in the 
example 
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According to ACI Building Code requirements, f, = N/A,, and F, = 
(0.225 f, + f,p,), where Q is the reduction factor. For short tied col- 
umns, Q = 0.8, and for long tied columns* 

h é 
Q=08| 1.3 — 0.009 oN = | 


For critical point (x, y;) giving maximum ff), + foy 


Li vyi a= VE 
f'se = M, ( 72 ) and f‘,, = M, ( y j )F. — 0.45 f.’ 


Finally 

fa foe 
Qr* KF 

Sign convention — Sign of moments is always positive. Sign of extreme 
fiber distances is positive if on the same side of resultant center of grav- 
ity as eccentricities, and negative if on the opposite side. Thus compres- 
sive stresses are obtained with a positive sign, tensile stresses with a 
negative sign. 


+ — <=}, (20) 


SOLUTION OF NUMERICAL EXAMPLE 


For the section shown in Fig. 4, N= 180 kips, e-=2% in., e, = 2% in., f.’= 
3 ksi, f.=16 ksi. The column is short, with Q=0.8. Reinforcement is eight 
#10 bars. 


Concrete section 
B = 14/20 = 0.7, 8 = 0.91, and A, = 0.91 » 20° = 364 sq in. 
E,— 0.0346 x, = y, — 0.0346 x 20 — 0.692 in. 
a, = 0.0705 I, —0.0705 x 20‘ = 11,280 in.* 
u, = 0.0122 1,7*= — 0.0122 x 20‘ = — 1950 in.* 


*In the author’s opinion, the formula for reduction factor for long tied col- 
umns of symmetrical L-section should be modified in the spirit of Section 1107 
of the ACI Building Code, for the present formula, Q = 0.8 (1.3—0.03h/t), 
lacks meaning in the case under consideration. 

If t’ is the least lateral dimension and 1, min is the least radius of gyration of 
concrete section, h/t’ = 10 corresponds to h/T, min = 34.6 in the case of a rectan- 
gular column section. 

In the case of a symmetrical L-section the least moment of inertia is the mo- 
ment of inertia with respect to the center of gravity axis perpendicular to the 
45-deg axis of symmetry. This may be obtained by using the constants of Table 1. 
As the sum of moments of inertia with respect to any two axes at right angles 
to each other is constant,’ 


=I, +1, am = 2a, B 


and 
I,” = i1,B = (a, — p,) B’ 


eae ‘. » ag + u,) B* mie 
Ie min = (ay + ,) B'; Tomin= © SB =B \ ; 


ag + Me 


Using the author’s formula for Q given above in text, if (h/B) \ 8/(a, + u,) = 
33.4 instead of 34.6, Q = 0.08 





L-SHAPED COLUMNS 


Steel section 
10.16 


A, = 10.16 sq in., Ds = 364 
x. = y. = 0.025 x 20 = 0.5 in. 


= 0.028 


= 3/20 = 0.15, E, = 0.025 


a, = 0.0700 I, = 0.07 (10 —1) 0.028 x 20* = 2820 in. 


uw. = — 0.0142 I,” = — 0.0142 (10 — 1) 0.028 x 20‘ = —572 in.* 


Resultant section 
. 0.0346 + 0.028 x 9 x 0.025 
i i + 0.028 x9 teaccnaead 


Lr = Yr = 0.0327 x 20 = 0.654 in. 
yn = 0.0705 + 0.91 (0.0327 — 0.0346)* + 0.028 x 9 
[0.07 + 0.91 (0.0327 — 0.025)*] = 0.08812 
I, = 0.08812 x 20‘ = 14,120 in.‘ 
$ = —0.0122 + 0.91(0.0327 — 0.0346)* + 0.028 x 
9[—0.0142 + 0.91 (0.0327 — 0.025)*] = —0.01575 
I,7* = —0.01575 x 20‘ = —2520 in.* 


0.01575 - 
a = — 0eB12” = — 0-1782 
J = 14,120 — 0.1782 x 2520 = 13,670 in.' 


Extreme fiber distances (see Fig. 3): 
A=—%— hh — Ys: = —9.346 in. 


Ls = Xs = Ys = Ys = +10.654 in. 


a= Ys = +4.654 in. 






























































Fig. 4—Dimensioned cross section of 
column used for numerical calculations 
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180 


=, = 0.495 ksi F, = 0.225 x 3 + 0.028 « 16 = 1.123 ksi 
364 


F, = 0.45 x 3 = 1.35 ksi 


i. (2824 +. 0.1782 x wee) sini 6 ok 
180 « 2.5 13,670 = 0.215 ksi 


10.654 + 0.1782 « 4.654 : 
= 0.397 ksi 


13,670 
fa f', f'by 0.495 0.215 0.397 
ofr * Rh ~*~ Fi 081.123 * 135 * 1.35 


f'n, = 180 > 2.625 ( 
= 1.004 
The section is therefore adequate. 


CONCLUSION 


The idea of confining the solution of eccentrically loaded columns 
with small eccentricities to certain patterns of reinforcement came first 
from Loser’ in connection with rectangular sections. This has been gen- 
eralized to some extent by the author,® while extended to many shapes 
and patterns of column sections (except the syrnmetrical L-shape) by 
Wiesinger.’ 

Although the present proposed method is necessarily a “trial and 
error” method, by the use of three sets of tables the relevant quantities 
may be determined at considerable saving of time in comparison to 
lengthy computations which are inevitable for assymetrical sections 
according to Opladen’s general method. 
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Title No. 56-32 


Reaction Between Carbon 
Dioxide Gas and Mortar 


By B. KROONE and F. A. BLAKEY 


Tests have been carried out to investigate the way in which carbon 
dioxide gas reacts with hardened portland cement in mortar. The in- 
fluence of such factors as evaporable and nonevaporable water on 
this reaction was studied and the effect of different storage condi- 
tions on the shrinkage and the strength of the mortar is reported. 

It was found that the absorption of carbon dioxide increases in the 
presence of evaporable water. The carbon dioxide thus taken up re- 
acts with the lime compounds; some carbon dioxide is bound as cal- 
cium carbonate but some is held by some less powerful bond. 


MB AN earirr parer' reviewed work that had been done to study the 
effect of gaseous carbon dioxide on concrete and mortars, and reported 
exploratory tests performed to examine the apparent contradictions in 
published information. From these tests it seemed clear that the effect 
produced in the concrete by carbon dioxide was itself dependent on 
other factors, of which the most important was probably the moisture 
content of the concrete when in contact with carbon dioxide. 

An attempt to examine further the interaction of moisture content 
and carbon dioxide produced contradictory results, and it appeared that 
some significant factor was not under control. It was therefore decided 
to carry out a number of tests similar to the earlier exploratory ones to 
examine the techniques used, and also to use the specimens to obtain 
some more fundamental information of the reaction between carbon 
dioxide and hydrating cement. Only the latter aspect is reported here. 
In the earlier paper the question of how the carbon dioxide was bound 
was raised and x-ray photographs showed, as expected, the presence of 
large amounts of calcium carbonate. It seemed unlikely, however, that 
all the carbon dioxide was bound as calcium carbonate and it remained 
to be determined whether some was merely adsorbed, or bound chem- 
ically in some other form. 
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To investigate this point it was decided to find the amount of carbon 
dioxide driven off from crushed samples of carbonated mortars at differ- 
ent temperatures, and concurrently to determine the amounts of evap- 
orable and nonevaporable water so that the relation of these quantities 
to the degree of carbonation could be studied. 


PREPARATION OF MORTAR SPECIMENS 


All the samples examined were mortars having a sand-cement ratio of 4.0 by 
weight and water-cement ratio of 0.60 by weight. One brand of cement conform- 
ing to Australian Standard A2 and one batch of quartz sand of fineness modulus 
1.1 were used throughout. The chemical analysis of the cement is shown in 
Table 1. 

Some specimens were vibrated but all others were hand tamped. The air con- 
tent of the former was about 4 percent and that of the latter was from 8 to 10 
percent. 

Three mixes (A, B, and C) of mortar were prepared and a number of cubes 
and bars was cast from each. The cubes for compression tests were 1 in. on a 
side and the bars, which were used for measurements of change in length, were 
1 in. square in cross section and 11.25 in. long. Steel plugs were cast in each end 
for measuring points. After casting, the specimens were covered and stored in 
the molds for 24 hr at 21C and 100 percent relative humidity. The molds were 
then removed and the specimens assigned to various curing processes, details 
of which are given in Table 2. Except when otherwise stated all curing was 
done at 21C. The specimens were cured in air at relative humidities of 100, 65, 
or 50 percent, and in a direct flow of carbon dioxide at a rate of 1-1.5 cu ft per 
hr, and probably therefore close to zero relative humidity. 


TEST PROCEDURE AND PRELIMINARY TESTS 


After specified periods the cube specimens were tested in compression, and 
samples were taken and crushed to pass a No. 50 Tyler sieve. A weighed amount 
of the crushed material was then placed in a porcelain boat and heated in the 
apparatus shown in Fig. 1. 

Air drawn through the apparatus passed over the sample and then through a 
bottle containing a solution of potassium dichromate and sulfuric acid saturated 
with carbon dioxide in equilibrium with the carbon dioxide in air, to remove 
any sulfur compounds which might be evolved from the heated sample. The air 
then passed through a series of four U-tubes of which the first two were filled 
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with dehydrite (anhydrous magnesium TABLE I—COMPOSITION OF 
perchlorate) to remove moisture, and CEMENT 
the next two were filled two-thirds ~Gongit-) 1 Gonstit-| 


with ascarite (sodium hydrate asbestos uent Percent vent | Percent 


CaO 


absorbent) and one-third with dehy- 
drite, to take up the carbon dioxide. 
The crushed mortar sample was heated 
to successively higher temperatures, 
and thé amount of carbon dioxide driv- 
en off , at each temperature was de- ; al CaO 
termined from the gain in weight of Na.O 

the final pair of U-tubes. The tempera- K.O 

ture was held at each level until no Loss on 
further gain in weight of the U-tubes _ !8mition ee 
could be measured. The quantity of 

air passing through the apparatus in a given time was determined so that a cor- 
rection could be applied for the carbon dioxide content of the air entering the 
furnace. 

At regular times a “blank” test was carried out to check the carbon dioxide 
content of the air in the laboratory. 

The temperature in the laboratory was controlled at 21+1C and the humidity 
was controlled at 50 percent relative humidity. 

A check, using pure calcium carbonate, gave a carbon dioxide content of 44.05 
percent as compared with the theoretical 43.9 percent. One difficulty noted was 
the slow rate at which the carbon dioxide evolved when the vapor pressure of 
carbon dioxide from the sample was only slightly above the partial pressure of 
carbon dioxide in air. This difficulty seriously retarded the progress of the work. 

Two preliminary tests were performed on samples of mortar which had been 
stored for some time in dry carbon dioxide. The samples were heated at tem- 
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Fig. |\—Diagrammatic sketch of apparatus used to determine amount of carbon 
dioxide in mortar samples 
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Fig. 2—Accumulative graph 
showing quantity of carbon 
dioxide evolved from a mor- 
tar sample at intervals of 
approximately 100C be- 
tween 100C and 900C 
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peratures ranging from 100 to 1000C at intervals of approximately 100C; re- 
sults are shown in Fig .2. This figure shows that although carbon dioxide is lost 
continuously from 100 to 800C, there is a discontinuity a little below 600C, 
below which most carbon dioxide is lost and above which only a little is lost. 
It has been confirmed that the latter loss is due to the decomposition of alkali 
metal carbonates. In the region between 100 and 600C there are no discon- 
tinuities although it was suspected that the carbon dioxide lost was both strongly 
held as calcite and less strongly in some other form. The reason for this lack 
of discontinuity is now known and is to be discussed separately.2 However, at 
the time the present work was performed it was decided to measure the amount 
of carbon dioxide lost below 500C, that lost between 500 and 700C, and that 
lost above 700 C. A temperature of 500 C was chosen since just above this tem- 
perature the dissociation pressure of pure calcium carbonate reaches the partial 
pressure of carbon dioxide in air. The higher temperature was chosen since pre- 
liminary experiments showed that alkali metal carbonates are not decomposed 
until this temperature is reached. The separation at 500C should have enabled 
a distinction to be made between calcite intimately associated with silica and 
calcite sufficiently separated from silica to behave as pure calcite. Subsequent 
work? has shown that a more complex state of affairs exists, but neverthless 
the separation of the carbon dioxide content into three parts, as carried out 
here, enables conclusions to be made between the different contents of carbon 
dioxide and the physical properties. 

It will be convenient at this stage to introduce certain terms to refer to the 
amount of gas evolved in each zone and also certain terms relating to the water 
held by the mortars: 

(a) Unstable carbon dioxide will be defined as that driven off below 500 C. 
(b) Stable carbon dioxide is that evolved between 500 and 700C 


(c) Alkali carbon dioxide is that evolved above 700C 


The carbon dioxide content of each zone is expressed as a percentage of the 
weight of dry cement in the sample. 


Evaporable water is that driven off when the crushed mortar is heated 
for 2 hr at 108+1C. A sample dried over dehydrite in vacuum for 1 week, 
resulted in the same amount of evaporable water. The latter method is that 
used previously by Powers and Brownyard® to remove evaporable water. 

Nonevaporable water is that represented by the difference between total 
loss on ignition and the evaporable water plus total carbon dioxide content 
Both water contents are expressed as percentages by weight of the dry ce- 
ment in the mortar, 
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TEST RESULTS 


Details of the curing treatments of each specimen, the analysis for 
carbon dioxide, evaporable and nonevaporable water, and compressive 
strengths are given in Table 2. 


Extent of carbonation 


The maximum total carbon dioxide content measured was 45.40 per- 
cent by weight of dry cement. The maximum stable carbon dioxide 
content was observed for Specimen B8V as 28.4 percent, and if it is 
accepted that this is all in the form of calcium carbonate then approxi- 
mately 54 percent of the calcium oxide of the cement has been combined 
with the carbon dioxide. This is well in excess of the amount of calcium 
oxide made available as hydroxide as the result of the hydration of the 
cement (15-20 percent) and suggests, as did earlier work,’ that the lime 
compounds in the cement are broken down by the carbon dioxide. 

The amount of alkali carbon dioxide does not vary greatly for all 
specimens. The average is 0.77 percent compared with the theoretical 
value of 0.80 percent calculated on the assumption that all the alkali 
components of the cement are converted to carbonate. 

The unstable carbon dioxide content ranges from zero to 21.05 percent 
for Specimen B9. In most specimens the amount of unstable carbon 


dioxide is less than the amount of stable carbon dioxide, but in Speci- 
men B9 it is greater and at a level which is high even for stable carbon 
dioxide. The form in which this large amount of carbon dioxide is held 


+ VIBRATED SPECIMENS 
MIXES A AND 8 


© NON VIBRATED SPECIMEN 


DB SPecmmens mix 











EVAPORABLE waTeR (%) 


ig. 3—Relation between evaporable water and stable carbon dioxide. 
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TABLE 2— ANALYSES AND STRENGTHS OF SPECIMENS 


Non 
Evapor- evapor- | 
Mix and Treatment able able Total 
i water, | water, | water, 


percent percent | percent 











~ 89 days ; dry CO», 21 ic 
89 days dry COe, 21C 
89 days air, 65 percent R.H.* 21C 
89 days air, 50 percent R.H. 21C 
| 27 days dry CObz, 21 S 
27 days dry COs, 21C 
27 days air 65 percent R.H. 21C 
28 days dry CO2 
27 days air 65 percent R.H. 21C 
28 days dry COs 
27 days air 50 percent R.H. 21C 
28 days dry CO2 
| 27 days air 100 percent R.H. 21C 
28 days dry CO» 
| 27 days dry COs, 28 days 
| 65 ‘percent R.H. 21 
27 days air 100 LAS R.H. 21C 
28 days dry COs 
27 days dry CO», 21C; 
28 days air 65 percent R.H. 21C 
27 days dry COs, 28 days 
air 100 percent R.H. 21C 
27 days dry COs, 28 days 
air 100 percent R.H. 21 C 
27 days air 50 percent R.H. 21C 
7 days dry COs 21C 
27 days air 100 percent R.H. 21C 
27 days air 100 percent R.H. 21 C ; 
27 days air 50 percent R.H. 21 C 5.85 3. 9.05 
3 days dry COs, 32 days 
air 100 percent R.H. 21C 10.60 ; 15.50 
3 days dry COs, 32 days 
air 50 percent R.H. 21C 5.55 3.75 9.30 
3 days dry CO>, 32 days | 
air 100 percent R.H. 21C 17.55 13.00 30.55 
2 days air 100 percent R. H. 21C 
18 hrs 256 C, 32 days dry COs 1.95 8.40 10.35 
3 days air 100 percent R.H., 32 
days dry CO» 13.85 6.60 20.45 
2 on air 100 percent R.H. 21 C, 
18 hrs 256 C, 32 days dry CO2 2.40 7.80 10.20 
2 days air 100 percent R.H. 21 C, 
hrs 256 C, 32 days air 
65 percent R.H. 21C 4.85 5.60 10.45 
2 — air 100 percent R.H. 21 C, 
hrs 108 C, 32 days dry CO» 2.90 9.75 12.65 
2 days air 100 percent R.H. 21 C, 
18 hrs 108C, 32 days dry CO» 3.20 9.90 13.10 
2 days air 100 percent R.H. 21 C, 
18 hrs 108 C, 32 days air 
65 percent R.H. 21C 4.70 7.70 12.40 
Cil 35 days air 100 percent R.H. 21C 21.20 16.10 37.30 








* V in the number indicates specimen was vibrated, thus: B7V means that Specimen No. 7 of 
mixture B was vibrated 


All percentages except air content are w/w of cement in specimen. 
Air content is expressed as percentage of volume of specimen. 
+ R.H. relative humidity 


is of interest and there are several possibilities why this carbon dioxide 
is driven off at a lower temperature than when pure calcium carbonate 
is heated. One is that some of the carbon dioxide is held as magnesium 
carbonate but this would account for an almost negligible amount. Oth- 
ers are that some complex mineral (e.g., scawtite) is formed which de- 
composes at a low temperature, or iron and aluminum carbonates may 
be formed if some of the compounds in the cement have been broken 
down. It is noted that Gaze and Robertson‘ have reported carbon di- 
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TABLE 2 (Cont'd.) — ANALYSES AND STRENGTHS OF SPECIMENS 





- Unstable | Stable } Alkali Total Compres- 
Mix and carbon carbon carbon carbon i Air 
specimen dioxide, | dioxide, dioxide, dioxide, ; content, 
number* percent | percent percent percent percent 

AlV 
A2V 
A3V 
A4V 
B1V 
B2 


B3V 
B4 
BS 
B6 











16.05 
C8 0 6.70 0.75 7.45 1510 8.1 
c9 0 6.85 0.75 7.60 1580 8.9 
C10 4.05 11.10 0.75 15.90 1250 8.7 
Cll 0 7.15 1.15 _ _ 8.30 1420 7.8 








* V in the number indicates specimen was vibrated, thus: B7V means that Specimen No. 7 of 
mixture B was vibrated. 


All percentages except air content are w/w of cement in specimen 
Air content is expressed as percentage of volume of specimen. 


oxide in samples of tobermorite in a form which they suggest was ab- 
sorption of carbon dioxide into a two-dimensional lattice which slowly 
released carbon dioxide on heating. This unstable carbon dioxide is the 
subject of further studies by x-ray, differential thermal, and thermo- 
gravimetric analysis.” 

From Table 2 it appears that the degree of carbonation was low when 
the content of evaporable water was very high or very low. (Bessey” 
has already shown that the rate of carbonation is slowest in saturated 
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air and quickest in a fairly dry atmosphere.) The presence of much 
free water in the voids of the mortar would prevent diffusion of gas 
through the specimen, and the absence of sufficient water on the sur- 
face of the cement matrix might hinder the reaction with carbon di- 
oxide. It has been found* that the amount of carbon dioxide absorbed 
on glass wool in the presence of water vapor is approximately 14 times 
as much as is absorbed by the dry material. An examination was made 
of the variation of the amounts of stable and unstable carbon dioxide 
with the content of evaporable water, but only for the former was there 
any suggestion of a regular pattern of behavior. This is shown in Fig. 3, 
which indicates that the optimum evaporable water content is about 
12.0 percent by weight of dry cement. 


Compressive strength 


Fig. 4 compares compressive strength of individual specimens with 
the content of stable carbon dioxide. When the specimens are grouped 
according to air content there is a fair correlation between the two 
properties. (Correlation coefficient = 0.86 for specimens of air content 
exceeding 5 percent. No significant correlation was found when the 
air contents were less than 5 percent, but there were only a few re- 
sults in this group.) 


Fig. 4—Relation between 
stable carbon dioxide and 
compressive strength 
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A similar correlation was found when the total carbon dioxide con- 
tent was plotted against compressive strength but not when the com- 
pressive strength was plotted against unstable carbon dioxide. It is rec- 
ognized that in the results plotted in Fig. 4, factors other than carbon 
dioxide content have been varied, and these must be kept in mind when 
assessing the value of the correlation obtained. 


No such correlation was found between compressive strength and the 
amount of nonevaporable water, but the effect in this case is probably 
masked by the evaporable water, which also varied and can influence 
strength. 


Shrinkage 


Shrinkage bars were submitted to all the storage treatments listed in 
Table 2. Figure 5a and 5b show the shrinkage and change of weight 
for those test pieces that were stored first at 21 C and 100 percent rela- 
tive humidity and then dried either at 108 or 256C and subsequently 
stored in dry carbon dioxide at 21C or in air at 65 percent relative 
humidity. 

Specimens dried at 108C have all evaporable water removed, (see 
definition p. 500) and the increased loss on drying to 256C must there- 
fore represent nonevaporable water. This loss of nonevaporable water, 
of about 4 percent by weight of cement, is then associated with an in- 
creased shrinkage of nearly 0.02 percent. 








AGE (DAYS FROM CASTING) 


ig. 5a—Relation between shrinkage and age for nonvibrated specimens C4, 


Cé, C7, C8, C9, and C10 
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The rates of expansion and of increase in weight of specimens stored 
in carbon dioxide appear to be independent of the temperature of dry- 
ing (108 or 256C) and it is possible that the expansion may be due 
entirely to the take-up of carbon dioxide. From the analyses in Table 
2 it may be seen that the carbon dioxide is all taken up in stable or 
alkali form, and not in the unstable form. It is not possible to say, 
however, whether the expansion consequent on the taking up of carbon 
dioxide is due to an increase in volume of calcium oxide or hydroxide 
converted to carbonate, or to the action of water set free by the car- 
bonation of the hydroxide, causing a swelling of the cement gel. 

Fig. 5b shows further that the specimens stored in air at 21C and 65 
percent relative humidity showed a fairly sudden increase in weight 
after drying and then from about 7 days onward the rate of increase 
was approximately equal to that of specimens stored in carbon dioxide. 
This suggests that the gain in weight is governed solely by rates of 
diffusion of carbon dioxide and water and not by the concentration of 
these in the atmosphere. Although the specimens stored in air expanded 
during the period of rapid gain in weight, they subsequently shrank 
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Fig. 5b—Relation between change of weight and age for nonvibrated specimens 
C4, Cé, C7, C8, C9, and C10 
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slowly. At the end of the test the total carbon dioxide content of the 
specimens stored in air (C7 and C10) was 16.05 and 15.90 percent, re- 
spectively, and that of specimens stored in carbon dioxide (C4, C6, C8, 
and C9) was between 6.70 and 7.60 percent. Specimens stored in air 
contained some unstable carbon dioxide but the amount in those stored 
in carbon dioxide was negligible. This agrees with the results of Drucker 
and Marxen.°® 

Fig. 6a and 6b show the changes in weight and dimension of three 
specimens in which the storage was changed after 27 days. In each case 











AGE (DAYS FROM CASTING 


Fig. 6a—Relation between shrinkage and age for vibrated specimens B3V, B7V, 
and BI2V 





508 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE December 1959 


the second storage condition produced negligible or only temporary fluc- 
tuation in weight but quite noticeable changes in dimension. Specimens 
B3V and B12V, which passed from air storage at two different humidi- 
ties to storages in dry carbon dioxide, showed a particularly sharp in- 
crease in shrinkage with only a slight temporary increase in weight. 
As this shrinkage started during the period of increased weight it would 
appear that the shrinkage must be associated in some way with the ab- 
sorption of carbon dioxide, but the subsequent analyses did not reveal 
in what form the carbon dioxide might have been taken up. 


The behavior of a specimen stored first in dry carbon dioxide and then 
in air at 21C and 65 percent relative humidity resembles that of the 
specimens discussed earlier, which were oven dried at 108 or 256C. If 
the contents of water and carbon dioxide are compared for a vibrated 
specimen (B1V) stored in dry carbon dioxide for 27 days at 21C and 
for one stored first in carbon dioxide and then in air at 21C and 65 
percent relative humidity (B7V), it can be seen that the latter has a 
higher content of carbon dioxide, especially unstable carbon dioxide, 
than the former, and also that both water contents are lower. This is 
contrary to what might have been expected in that certain specimens 
have been stored for a time in dry conditions so that loss of moisture 


CHANGE OF WEIGHT (°) 











AGE (DAYS FROM CASTING) 
Fig. 6b—Relation between change of weight and age for vibrated specimens 
B3V, B7V, and BI2V 
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might be expected, but when some of them are subsequently exposed to 
a moderate humidity they show a lower moisture content than those 
which continue to be stored in dry surroundings. Again it appears that 
the bars take up more carbon dioxide from the air at 65 percent relative 
humidity although the concentration of the gas is low, than they do 
from pure dry carbon dioxide. The expansion shown by specimens in 


air after drying may be due to absorption of carbon dioxide rather than 
to water. 


These results, which emphasize the importance of water vapor in 
stimulating absorption of carbon dioxide, suggest that attempts to im- 


prove concrete products by storage for a short period in flue gases, 
where the humidity is probably low, are unlikely to be successful. 


CONCLUSIONS 


The tests reported here have given further information on the reaction 
of gaseous carbon dioxide on cement products. As was expected, it was 
found that carbon dioxide is taken up by the set cement in various 
forms. Some appears to be combined with the caustic alkalis of the 
cement, the amount showing only a random variation and unrelated to 
storage treatment. As has been shown previously, the large amounts of 
stable carbon dioxide appear to contribute significantly to the strength 


of mortars and considerable quantities of carbon dioxide can also be 
taken up in some less stable form. The following general hypothesis is 
presented: Carbon dioxide may be taken up to a limited extent by dry 
cement materials and reacts with the alkali constituents and lime com- 
pounds to set water free. In the presence of free or evaporable water 
the absorption of carbon dioxide increases; some of the carbon dioxide 
thus taken up reacts with the lime components of the hydrating cement 
and forms stable calcium carbonate; some of the carbon dioxide reacts 
with the hydration products of the cement and forms unstable com- 
pounds, which will be discussed separately.” The studies suggest that 
the influence of unstable carbon dioxide on shrinkage may be of the 
same order as that caused by evaporable water. 
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Title No. 56-33 


Numerical Method for 
Approximate Analysis of 
Building Slabs 


HOWARD L. FURR 


A method for approximate elastic analysis of uniformly loaded slabs is 
developed. The method is applied to solid square and rectangular slabs, 
and to square slabs with square central openings. 

The slab is divided into a grid of orthogonal strips assumed to be equiva- 
lent to the original slab. The strips are treated as beams laying along the 
center lines of strips which are rigidly joined at their intersections. The 
uniform load is divided into so-called equivalent concentrated loads applied 
at beam intersections and the grid is deflected to an arbitrary position while 
carrying these loads. Joints are not permitted to rotate during deflection. 
Fixed-end moments developed by the deflection are distributed and vertical 
shears at each joint are computed. The ratio of summation of vertical shears at 
each joint to its applied load is computed and adjustments of the deflections 
are made until this ratio is constant throughout the grid. The deflected posi- 
tion under this condition is taken to be a solution condition and the distrib- 
uted moments from such a position are divided by the constant ratio to give 
the bending moments in the beams due to the applied joint loads. Correc- 
tions are applied to account for the fact that the load is distributed rather 
than concentrated at joints. An attempt is made to account for plate action 
by considering both torque and bending in each strip of the grid. Elastic 
action and homogeneous material are assumed, and it is understood that 
the results are approximate due to these and other assumptions made in 
the development. 


@§ Tue Current ACI Burtpinc Cope provides clear and adequate in- 
structions for the design of ordinary solid reinforced concrete building 
slabs, but the section on openings is brief and the distribution of bending 
moments in the vicinity of openings is not discussed. Arrangement of 
reinforcing around an opening can be a perplexing problem because 
there is little in the literature on bending moments in these areas.':* The 
method which developed here provides a numerical elastic analysis 
which will give approximate bending moments at openings and other 
discontinuities. 

For purposes of analysis it is assumed that the slab may be divided 
into a grid of orthogonal strips which will behave similar to the uncut 
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slab. This is sometimes referred to as the grid-beam method and has 
been in use for some years. The deflection of the grid under the influence 
of loads concentrated at grid points produces bending moments which 
may be computed by frame analysis. These bending moments are then 
smoothed out between grid points by a graphical method on the bending 
moment graph. The smooth moment curves are taken to represent the 
bending moments in the slab itself. 


This particular method appeared in application to slab analysis in 
1952. The basic theory, called statics ratio method, was reported and its 
use demonstrated in frame analysis in 1950.* 


The statics ratio, SR, is the ratio of the internal force, say shear, at a 
section in an arbitrarily deflected structure to the shear at that section 
caused by the actual load. Assuming a linear relationship between stress 
and strain, a structure having a constant SR at all sections is in a state 
of balance, “overbalance,” or “underbalance” depending on the value of 
the SR. The value of the SR is unity for true balance, less than unity for 
underbalance, and greater than unity for overbalance. When one of 
these states of balance is reached the actual shear may be found by 
dividing the shear in the arbitrarily deflected structure by the SR. The 
value of the SR is theoretically immaterial so long as it is constant 
throughout the structure. 


The general steps followed in applying the SR to structural analysis are: 


1. Select sections for which the SR’s are to be computed. 

2. Sketch the loaded free-body diagrams for the sections chosen in Step 1. 

3. Write the equation of static equilibrium which is to be used in deter- 
mining the SR for each section. 

4. Assume a certain deflection for each section of Step 1. 


5. Compute shears on free body diagram of the section due to deflec- 
tions imposed in Step 4. 

6. Take the ratio of shears in Step 5 to the corresponding shears in 
Step 2. The ratio will be the same for all sections if the assumed deflec- 
tions are exactly in the proper proportions. Depending on the accuracy 
desired, variation from this constant value may be permitted. 

7. If the ratios are constant, the moments for the structure are computed 
by dividing the moments resulting from the assumed deflection (Step 4) 
by the ratio of Step 6. 

8. If the ratios are not constant and if refinement is desired, the as- 
sumed deflections are adjusted and another ratio is taken. Adjustments 
are repeated until the desired accuracy is attained. 


The adjustments which are usually necessary to meet the require- 
ments for a narrow range of values of the ratio are selected after a study 
of the results of the previous trial. This enables one to predict the general 
effect of a change or changes in the previous trial deflection values, 
permitting an adjustment to be made which will narrow the range of 
ratios. When desired accuracy is attained, moments may be computed. 
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In statics ratio analysis, the judgement of the analyst plays an ex- 
tremely important part in finding a solution. In this respect it is much 
like Southwell’s relaxation method. An adjustment could improve one 
value of the ratio while throwing others further out of balance. Individ- 
ual deviations of SR values from their average value should be limited 
to a small percentage of the average value. 

It should be noted that no specific value of the ratio need be held from 
one trial to another. The first adjustment will naturally be directed to- 
ward a certain value; the results of the adjusting trial, however, may 
not be exactly those that the analyst anticipated. They could point to 
another value which might be more readily achieved. Each next trial 
then can be directed toward the value indicated as simplest from the 
previous trial. The value of the final balanced SR is theoretically im- 
material, but values of 100 or higher are desirable for ease of handling 
on a slide rule. 


APPLICATION OF STATICS RATIO TO SLAB ANALYSIS 


In slab analysis the SR is used to determine the state of balance in a 
continuous grid of elastically deflected beams. This grid is assumed to 
be equivalent to the slab which it replaces for purposes of analysis, and 
precautions are taken to see that this assumption is closely approached. 
The method provides an approximate solution to the slab problem by 
combined analytical and graphical work. The graphical part consists 
solely in fitting moment curves to plotted points. 


Procedure 


The general procedure in the application of the SR to slab analysis is: 


1. Lay off a system of orthogonal strips on the surface of the slab. 

2. Along the longitudinal center line of each strip lay off an imaginary 
beam which is assumed to be equivalent in every respect to the slab strip 
wherein it lies. 

3. Assume rigid joints at intersections of beams and compute flexural 
and torsional distribution factors for the beams. (End conditions of these 
beams at slab boundaries are those existing in the slab.) 

4. Set the grid of beams on point supports at joints, these joints being 
the intersections of the equivalent beams. Load the beams with uniform 
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load equivalent to the strip load. No torque is developed under the initially 
assumed fixed-end conditions at each joint. Distribute the moments due 
to this loading. Strip moments due to this analysis will be designated M.. 

5. Compute the reactions at the point supports by adding shears due to 
simple beam action to the shears due to continuity at supports. Remove 
these supports, and apply (to the grid) point loads at each joint equal and 
opposite to the calculated reactions. 

6. Write SR equations for vertical forces at each joint or for selected 
joint groups. These SR equations will equate shears due to assumed de- 
flections to the product of the SR and the shears due to true deflections. 

7. Assume deflection positions of joints, compute fixed-end moments, 
MF, due to this deflection pattern, and distribute these fixed-end mo- 
ments through several cycles of moment distribution. 

8. Apply the SR equations to the results of Step 7, computing values of 
SR for each equation. 

9. Adjust the deflected net until moments at joints provide a set of bal- 
anced SR equations, i.e., until the SR for each joint or group of joints is 
the same value or within an allowable variation from a common value. 
Once the range of SR values falls within a permissible range, the deflec- 
tions are assumed to be SR times the true deflection under the point loads 
of Step 5. 

10. Compute final joint moments due to deflections. These joint moments 
will be the final distributed moment, Ms (due to M,"), divided by SR. 
Joint moment is equal to M;/SR for that strip. 

11. Compute total joint moment for the strip by adding the moments M, 
from Step 4 to the M, obtained from Step 10. These total moments may 
be reduced to average moment per unit of strip width if desired. 

12. Plot moments from Step 11, changing signs from joint moment signs 
to bending moment signs, and draw in the moment curve for each strip. 


This procedure is used in analyzing uniformly loaded square and rec- 
tangular solid slabs, flat slabs supported on columns, and square slabs 
with centrally located openings. Detailed analyses of a uniformly 
loaded square slab with fixed edges and of a uniformly loaded square 
slab with a square central opening are given. Results of these as well 
as of other analyses not given here are shown in moment curves. Edge 
reactions derived from bending moments and loads are given for several 
cases. A uniformly distributed load of 275 lb per sq ft is used in all cases. 


ANALYSIS OF A FIXED-EDGE SQUARE SLAB 


Notation m bending moment per unit 


A, 


a,b, L 


effective loaded area of 
slab for computing con- 
centrated joint load 
dimensions of slab or slab 
strip 

moment distribution fac- 
tor 

ratio of strip width to 
strip length 


width of strip at a joint 

strip moment/strip width 
total bending moment on 
a strip at a joint obtained 
by supporting the strip 
on point supports at 
joints and loading with 
uniformly distributed 
load w 
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fixed end moment ona R, = “Reaction” at a joint due 
strip at a joint obtained to simple beam action 
by supporting the strip R total “reaction” at a joint 
on point support at joints R. + R, 
and loading with uni- statics ratio. SR; indicates 
formly distributed load w statics ratio for any sec- 
total fixed-end moment tion i 
on a strip at a joint due 
to the deflection of the 
joint an amount A 
total moment on a strip 
at a joint obtained after 
distributing M.? 
total twisting moment on 
a strip at a joint 
N,S,E,W = directions north, south, 
east, and west, respec- 
tively. North is the top 
of page unless otherwise 
specified. 
uniform load intensity on 
the slab, live load plus 
dead load ; 
total equivalent concen- * mage grsaenel we pocket 
trated load acting at a puting torsional stiffness 
joint ! - Poisson’s ratio 
“Reaction” at a joint due = axial unit stress 
to continuity alone = torsional stiffness factor 


total shear on a section of 
strip 

uniformly distributed 
load over the strip of slab 
obtained by multiplying 
strip width by load in- 
tensity p 

the vertical deflection of 
a joint with respect to 
an adjacent joint 
change in slope due to 
bending 

angle of twist about geo- 
metrical axis of twisted 
member 


Data 


Slab dimensions, 18 ft x 18 ft x 6 in.; clamped edges; three strips 6 ft wide 
in each direction, N-S and E-W (Fig. 1); v = 0 except for determining the 
modulus in shear in which case it is assumed to be 1/6; load intensity, p = 275 
lb per sq ft. 

Since this is a symmetrical case, moments distributed in either the E-W or 
the N-S direction in only one quadrant will be sufficient to give moments at 
all joints. Here the E-W direction is used (see Fig. 2). 








ebetxoy LT 11 


e— 

/ z=. s ; 
/ f Lymm. abt N-S and 

Loge [Center Loge LW center lines { sitet 

Strip ‘Strip / Strip 








center line 


Fig. |—Layout of 18 ft x 18 ft x 6 in. Fig. 2—Typical quadrant of loaded 
clamped edge slab showing strips and elastic grid of beams (see Table 3 for 
beams loads) 
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Distribution factors 


Distribution factors are given in Table 1. The method for determining these 
factors is given in the Appendix. Note that since this is a symmetrical case 
with respect to the center lines of the slab there will be no rotation of Joint 3 
about either center line, and rotation about only one axis for Joints 2 and 2’. 
For this reason these joints are considered as fixed against rotation about the 
center lines for purpose of distributing moment, although they do undergo de- 
flections vertically. 


Joint loads 


Fixed-end moments in the E-W beam strips are distributed in Table 2, and 
the shears due to continuity, V., are computed from the distributed moments. 

The concentrated joint loads P are determined by combining shears V. with 
the shears due to simple beam loading, Vs. The latter shears are numerically 
equal to the product of slab load and the panel area bounded on its four sides 
by straight lines parallel to the beam strip center lines and falling halfway 
between adjacent joints. For purposes of illustrating the method used for com- 
puting joint loads, a few sample calculations are given in Table 3. 


R=R.+R. 
R ~ Va ~~ Fae tT Vase TV as (See Fig. A-4) 


= (1/Lw) ( —Maw - Mwa) + (1/Le) (Mw 
+ (1/Le) (Mae + Mea) + (1/Ls) (Mas \ 


R, = pA. = (p/4) (Lw + Le) (Ls 
Moments are obtained from moment distribution. 
Because of symmetry of this slab, M —M,:.; M —M:; Mss —Myww ; 


and My, = —Mw:; hence only moments about the N-S axis need to be tabulated 
in computations such as those of Table 2. 


The method explained above for computing V, at each joint, including those 
at edges of the slab, fails to account for a small area in each corner. This area 
amounts to (4L.w)* in this case, and the load on this small area is considered to 
be a part of R, and is equally divided between Joints W1 and N1. 





Member bone | Length, |, 


ok 
2 ik 7 
(L), ft ’ OF 


sok 
8.000 0.475 
3.248 0.192 


1.624 0.096 
4.000 0.237 


mee 


4.060 0.311 

{ 3.248 ’ 0.252 
1.624 1.624 S566 0.126 
4.060 4.000 0.311 


NMwhwP 
AMwWRA ARWwWH 


4.000 8.000 0.525 
1.624 0.106 
1.624 0.106 
4.000 0.263 


ours 


4.000 4.000 0.356 
1.624 1.624 0.144 
1.624 1.624 0.144 
4.000 4.000 0.356 


‘ 
| mah 
AAADM AAADH AAAH AAANM 


wewte | NNN 
' 
AAAA | ARAHW 
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The computations appearing in Table 2 establishing the joint loads are called 
for in Step 6 of procedure. The following data and convention are used in this 
table: 

Loads: Slab load p 275 lb per sq ft 

For purposes of computing My 
Edge beam (i.e., strip): w = 275(3+1.5) = 1238 lb per ft 
Interior beam (ie.., strip): w — 275(3+3) = 1650 lb per ft 
Fixed end moments: Mw? = (1/12) wL’, lb-ft 


Sign convention: Clockwise moments on a joint viewed from south or east 


TABLE 2— COMPUTATIONS FOR JOINT LOADS 


Joint Wi 1-W 1-N 1-S 1-E 2-W 
Bend Bend Twist Twist Bend Bend 


Fixed 0.475 0.192 0.096 6.237 Fixed 


0 3710 3710 
35 267 330 


928 928 0 
660 1320 53 


450 
214 86 43 54 


9 
1 1 


148 4095 


P 


Joint 2" N ‘ 2'-E 
DF § 0.263 


M.# + 4950 


1116 


22 by § { 23 
164 § 3811 


1136 +1235 1140 
2475 + 7427 9900 


R +1339 + 8662 11040 


P + 1339 + 8662 + 11040 
Check: Total slab load 18x 18x275 = 89,100 lb 
8Rw,; = 8x1397 = ,176 lb 
4Rw», 4x1339 = 5,356 lb 
4R, = 4x 6723 = i, lb 
4R» 4 x 8662 ,648 lb 
R: lb 


Total ‘ lb 
Difference = 89,112 — 89,100 12 lb 
Check is sufficiently close. 
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TABLE 3— SAMPLE CALCULATIONS FOR R. AND R,* 
Joint |Lw.|Ls,|Le,|Ly.| Maw. | Mws, | Mas, | Mes, | Mar, | Mea, | Max, | Mua, 
ft : t ft lb-ft | lb-ft | lb-ft lb-ft | lb-ft lb-ft lb-ft | lb-ft 
3 | 0 0 0 0 {+ 159|~-2466| 0. 6 
3 |—2466\+ 159|—2941 | +4095 | +2941 | —4095 | +2466 | — 159 
6 5520 +3811 5520 +3811 +5520 —2811 +5520 —3811 
Substituting into equations for R, and R 
Joint Vy (275) (043) (643) + %[% (275) (32)] +2166 Ib 
(1/3) (4+.159—2466) — 769 ib 
Rw +1397 lb 
75) (3+6) (346) +5570 lb 
) (2466—159) (1/3) (+2941—4095) 1153 lb 
R; +6723 Ib 
R V4 (275) (6+6) (646) +9900 Ib 
R. (2/3) (—3811+-5520) +1140 ] 
+11040 


Joint 


(2 


*Moment values are taken from Table 3 


are positive; corresponding shears are positive. The signs used in Table 2 

agree with this convention. 

Deflection of the grid under the influence of concentrated panel lo: 
now be considered. 


Statics ratio equations 

The basic idea behind this method of analysis is to arrive at a state of equilib- 
rium of the joints. To do this either individual joints or groups of joints cut 
out by sections may be considered as free bodies for purposes of establishing 
equilibrium. In some symmetrical cases it is easier to work with sections, and 
that method is used here. General SR equations for joints and for sections are 
developed in the Appendix. 

In this case, the slab is divided into Sections a, b, c, and d as shown in Fig. 3. 

Considering the group of joints inside Section a of Fig. 3 as a free body and 


applying the basic SR equations from the Appendix for joint groups, we have: 
] iin aie . : ; 
4P,+4P,.+P (8/3) (MwitMw) + (4/3) (M 
4P,+4P.+P 72.580 kips 
°. SR (1/72.58) (4/3) (2S M.ww + SMow) (1/54.45) (23 Mww + SMew) 


SR 


SR, po p (4/3) (M + Mow) + (4/3) (Mi + Mz) 
4P.+P 45.688 kips 
. SR, (1/34.27) (SMow + SMa) 
(1/P;) (4/6) (3M.s+ 3M (1/16.56) SM 
Pr 11.040 kips 


(4/3) (23M;. + %3M 


str 
] 
28.449 
4P,.+ P. 37.932 kips 
These SR equations are forms of equilibrium equations. If SR is unity they 
are the same as the equations of equilibrium of vertical forces on the sections. 


(23M + 1% SM 
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When all SR values are the same a so- Nae Nap Nasa 
lution condition has been reached. The 
object of distributing the M,’ values is 
to establish equality among the SR val- 
ues; that is: to make SR. — SR, = SR.. 
Working toward this objective the M,/ 
values are adjusted in the successive 
moment distribution computations in 
Table 6 until equality in SR values is 
reached. The distributed moments are S mm Sa 
then divided by this SR value to give Fig. 3—Sections used in balancing the 
the desired moments. statics ratio equations 
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Fixed-end moments 


All of the beams of this grid have the same cross section; therefore, for a 
given deflection A between joints, with joints locked against rotation, the fixed- 
end moment MF in these beams will depend only on the length of the member. 
That is, Mfas = MF a4 6EIA/L* for a beam AB of span L with A deflection 
and no end rotation. 


It will be noted from Fig. 2 that the beams adjacent to the edges are half as 
long as the interior beams in this particular case. The M’ equation for beams 
having the same value of deflection A shows four times as much fixed-end 
moment in the edge beams as in the interior beams. In deflecting the joints, 
one must take care to keep deflection and moments in agreement. The diagrams 
in Fig. 4 show relative fixed-end moment values for the beams of this case 
where it is assumed that every joint inside each section (Fig. 3) deflects the 
same amount. The boxed number represents the relative value of fixed-end 
moment for the member on which the box appears. The sign is positive fo1 
downward deflection of the joint and negative for upward deflection. 

The initial estimate of Ms’ may be made with more or less care, as desired. 
In this illustration, a set of values is selected without a great deal of concern 
except that the patterns in Fig. 4 must be followed. It will be seen that large 
errors in M,¥ selection may be quickly eliminated. Due to symmetry, only 
moments about the N-S axes need to be tabulated. 


Adjustments 


Let the first estimate be as shown in Fig. 5. The results of this set appear as 
>1 on the moment distribution sheet, Table 6; and the SR values resulting from 
this set appear under Trial 1 of tabulated SR values in Table 4. This set of SR 
values shows a low of +13 and a high of +423. The next estimate is an ad- 
justment intended to bring these values into closer agreement by raising the 
low SR values and reducing the high ones. This adjustment conforms to patterns 


Section o- 
fi 


Fig. 4— Relative fixed-end 
moments in members due to; Jount 
a common deflection in Sec- Center 
tion a, Section b, and Sec- [a] | “7°24 
tion ¢ of Fig. 3 2° Joint 



































JOURNAL OF THE AMERICAN CONCRETE INSTITUTE December 1959 


TABLE 4— SECTION SR VALUES* 


Deviation from the average Trial 1 Trial 2 Trial 3 Trial 4 

SR value is the absolute value SR Dev’ SR Dev SR Dev. SR Dev 
SR. = (1/54.45) (23Mw + SMew) +192) 3 +146 7 4173 % +168 1 
SR, = (1/34.27) (SMi + SMew) + 13 5 +166 13 4166 5 4168 1 


SR. = (1/16.56) (SM) : +171 18 +168 +165 2 
l 
SR. = 98 449 (23 Miet+%e3Me3—SM::z) 2 ; +176 } +166 
Average SR 2 : 4-171 +167 
Average deviation 


*See Table 6 for moments 


TABLE 5— JOINT SR VALUES* 


Trial 


20.169) (23M.w—SM..) 
SR (1/51.972) (23M2a—3Mo.4+M:;, 
SR; = (1/16.56) SM. 


*See Table 6 for moments 


in Fig. 4, and resulting SR values are shown under Trial 2, Table 4. The process 
of adjusting continues until a balance, or near balance, is reached. This balance 
is found in the fourth trial at SR = +167. 

The summation values of M; (the total moment after balancing) divided by 
SR gives the strip moments due to deflection of the grid under concentrated 
load. These are listed as Ms in Table 6. M. is added to Ms from Table 2 for 
the final strip moments at joints. Strip moments are divided by the 6 ft strip 
width to give average moment per foot of strip width, m. 


Statics ratio values* 

It is desirable to see how the joint SR values check with these section SR 
values. If all SR values were the same, the agreement should be perfect; if all 
SR values are not the same there will be some disagreement. The following 
computations develop the SR equation for each individual joint from the gen- 
eral equation in the Appendix, and the joint SR values are tabulated. 

For any Joint o: 

SR. = (1/P.) [(1/Low) SMow + (1/Los ) SMos — (1/Lor) SMeoz — (1/Lex) SMos] 

Then, for Joints 1, 2, and 3: 

SR, = (1/6.723) [(1/3) SMww + (1/6) SMis — (1/6) SMe — (1/3) SM] 
SR, = (1/8.662) [(1/6) SM. + (1/6) 3Mz — (1/6) SMexe — (1/3) SMay] 
SR; (1/11.040) [(1/6) SMo + (1/6) SMas — (1/6) SMae — (1/6) SMw] 


*Statics ratio values appear in Table 4 
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Fig. 5— Initial pattern of fixed-end 9 
moments. (a), (b), and (c) indicate pat- 

tern of Fig. 4 used in obtaining the a) +4000. (b) + £00 
fixed-end moment shown. The same Joint 1 Joint 2 
fixed-end moments exist in correspond- 


ing N-S members because of symmetry *. 





Ca) +4000 
Ch)+ 8BOO| ©t+4000 * 


Joint 2 Joint 3 
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Because of symmetry and of the relation between moments noted earlier, 
these SR equations reduce to the forms shown in Table 5. 

Trials 1, 2, 3, and 4 are based on Xl, 2, 3, and 4, respectively, of moments 
computed in Table 6. The joint SR values show a little more scatter than do 
the section SR values, indicating that there is a tendency toward smoothing 
out disagreements when a number of joints are grouped together. In this method 
of computing strip moments it has been found that a slight change in moment 
at any ioint can vary joint SR values considerably. Because of this effect and 
because of the local nature of the joint SR value, some scatter in these values 


may be permitted without serious effect in final bending moment values. 


Bending moments 


A plot of the bending moment values computed in Table 6 would show an 
abrupt change in the moments across Joints 1 and 2’. This change is due to 
the assumption that the twisting mo- 
ment is concentrated at these joints in Edge Stra 
the transverse members. In reality the er " 

Ecige sire > Grid method 
twisting moment is distributed in such 
a way as to smooth out this disconti- 
nuity. On the assumption that approxi- 
mately half of the twisting moment is 
distributed to each side of the joint, 
straight lines are drawn connecting 
points which equally divide the concen- 
trated torque at each joint and the 
simple beam bending moment is super- 
imposed on these straight lines. The 
midspan ordinate of this simple beam 
moment is plotted as another control 
point. This gives three control points 
for each beam span within the grid: 
the average bending moment at each 
end, and the simple beam moment at 
the center. Only the moment at the 


slab edge is used as a point through Fig. 6—Bending moment along the cen- 


which the curve must pass; all other ter line of the strips indicated in the 
control points serve merely as guides, sketch 
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TABLE 6— DISTRIBUTION OF Ma’ AND COMPUTATION OF BENDING 


MOMENTS 


Bending Bending 
Joint Wil 1-W 


DF Fixed 0.475 
Ms! +-4000 +4000 


—1219 —2438 


— 50 
+1512 
1500 


121 
133 


400 
162 


2’-W 
0.525 


+4800 
—4620 


517 
337 
+2500 
~1218 
945 
160 


59 


+ 1046 
40 


Twist 
1-N 
0.192 


0 


Twist 
1-S 
0.096 


0 
933 


- 493 


105 
10 


535 


246 
24 


Bending 


1-E 
0.237 


200 


—1216 


- 3 
1041 
+1000 
60 

19 

— €0 


— 80 


+4000 
—2314 
259 
+1427 
200 
610 
617 


Bending 


2-W 


Fixed 


200 


608 


12 

— 420 
+1000 
30 
610 


60 
40 


510 


Fixed 
+ 4000 


1157 


- 130 
+2713 
— 200 

305 


+2208 
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and the moment curve is faired into 
these points. It is obvious that with such 
a small number of control points, and - 
with some of these presenting rather cen= Enact method! 
conflicting evidence, some judgement is 


5 


o 


10 iamgcoamy 
idgpove | . 

necessary in fitting a reasonable mo- an Edee 

6 Strip 

ment diagram. 0.5 b—_1-_4,4 -4—4 


o T 6 





The bending moment curves for the : Rioteser ee Set ae & 
two strips of this particular case are 
shown in Fig. 6. In the center-strip 
moment diagram, since there must be 





symmetry and since there is no reason 
to indicate a dip in the curve at mid- 
span, the curve is rather closely limited. 
In the edge strip, there could be some 
drop in the moment near midspan, but 
such would not seem to fit well with 
the points at 1.5 ft and at 3 ft. 
In Table 6 the bending moments are 
in kip-ft, and the bending moment per Fig. 7—Bending moments along the 
center line of the long strips indicated 
in the sketch 





unit width of striv is found by dividing 
strip moment M by strip width. The 
moments in that table are joint moments, and their signs must be adjusted in 
changing over to beam moments for plotting on the diagram. 


Discussion 

The foregoing analysis has demonstrated that a set of simultaneous 
equations must be solved to arrive at a solution to the slab problem by 
this method. The amount of work involved in pencil and paper solution 
of simultaneous equations increases tremendously with even a small in- 
crease in the number of equations. Since a separate equation is required 
for each joint that deflects it is important that the number of strips be 
held to the minimum required for a satisfactory solution. Three strips 
each way are an absolute minimum in obtaining enough points for a 
moment plot, and in many cases more points are desirable for curve 
fitting. Three strips each way gave good results in the simple problem 
in the illustration; five were used in the rectangular slab shown in Fig. 
7 and 8, and nine were used in the flat slab shown in Fig. 9.* The con- 
figuration of the slab will serve as a guide in the number of strips to use 
for computations; five strips will be enough except in unusual cases. 
The flat slab of Fig. 9 could have been solved with fewer strips but the 
width of column was used as the guide in this particular layout. 

Strips of equal width simplify computations to a considerable degree 
because panel load determination is simplified and distribution factors 


*Curves for Fig. 9 are based on moments computed by Chang by the grid method see 
Reference 3 
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Bend: ng 








Fig. 8—Bending moment along the cen- 
ter line of the short strips indicated in Fig. 9—Bending moment along center 
the sketch line of the strips indicated in the sketch 


in all except the edge strips are uniform. These uniform distribution 
factors make it easier to estimate the effect of a contemplated adjust- 
ment aimed at arriving at a closer agreement in SR values and this is an 
important consideration. 

The abrupt change in bending moments at joints is the result of 
assuming that torque is concentrated at the joint. The distribution of 
this torque over the width of the beam is assumed to be divided equally 
between the section on each side of the beam. This is handled by estab- 
lishing a point halfway between the moment values on each side of the 
joint as a control point for fairing in the moment curve (Fig. 6). This 
assumed distribution draws closer to the actual distribution as the strips 
become narrower, but narrow strips generally increase the number of 
equations to be balanced. The use of narrow strips in areas of high 
twisting moment between adjacent joints and wider strips in areas of 
lower twisting moment may be desirable in arriving at a more realistic 
torque distribution and at the same time keeping the number of strips 
smal!. Since the areas of higher torque are in lower moment areas the 
difference between the computed moment values and the exact moment 
values are not serious. 

The grid should be symmetrical with respect to the two axes of the 
slab if possible, to reduce the time and work involved in reaching a 
solution. One quadrant is all that is necessary to determine moments 





SLAB ANALYSIS 525 


provided that the loading and the slab are symmetrical; adjustments in 
moment are easy to make in these cases and convergence is rapid. 

The values of the statics ratio may theoretically be any number what- 
soever, but as a matter of convenience it is better to avoid decimals and 
numbers higher than 1000. The agreement between the SR values should 
be close for any solution condition. The curves of Fig. 10 illustrate the 
effect of scattered SX values for the problem illustrated above. In the 
next-to-last trial a 4.1 percent difference exists between the highest and 
lowest values and a 2.4 percent difference exists between the maximum 
deviation and the average value where these percentages are based on 
the average SX. In the last trial (Trial 4) the corresponding percentages 
are 1.8 and 1.2, respectively. The percentage difference that may be per- 
mitted will depend on the accuracy desired in moments and on the 
effect of any particular moment on the SR value. A small change in 
some moment might make a deceptively large change in the SR depend- 
ing on the particular SR equation. Since there are a number of variables 
entering into the SR equation each one must be studied individually, 
and a decision on permissible scatter will depend to some degree on 
that study. 

No attempt has been made here to account for the effect of Poisson’s 
ratio on bending moments except that it was used in determining dis- 
tribution factors. It is realized that some moments would be materially 
changed if this factor were taken ee a 
into account, but it is doubted that RT ee Ta] 
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a [+ 1AG |+ 173 ies | 


P ° ° ° . SRari92 
this refinement is necessary in view Cte. 2A toamranm 77 
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ways discussed in approximate 
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analyses, and if the refinement is 
desired an approximate method of 
accounting for it is given by Siess 
and Newmark,*® and Seely and 
Smith® as follows: 


(K ip Ft/ft) 


] 





M.’ M, +vM, 
M,’ M, t+ vM,’ 


Bending Moment 


| Center Strip 

where M’,.,, is the moment where TT TT 

v~+0, and M’ ,» is the moment ; - , ft t TI] 
- ‘ ; ; , = 

where v—0, and » is Poisson’s ratio. 

The value of the ratio will vary Fig. 10 — Statics ratios and bending 

moment curves for successive trials of 


Fig. 9 compared with moments from 
used as an average value. ACI Building Code 





a ee 1 ave Fewel 


with the concrete but 1 6 may be 
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a "ib 1a Moment curves for the rectangu- 
ee il lar slab, Fig. 7 and 8, and for the 
_— y flat slab, Fig. 9 and 11, have been 
a Fr ta — _ included merely to show the com- 

iin obet reo santiw> parison of moments computed by 

PP ns sr secon me Ht =~ this method with those computed 
by other methods. The exact meth- 

Se ee el od referred to in Fig. 6, 7, and 8 is 
Et ee BABS. based on plate theory where loads 

and slab dimensions have been re- 
duced to those of the slabs in ques- 
tion and where Poisson’s ratio was 
taken to be zero in all cases. The 
agreement between these two 
methods in these cases is within 
satisfactory limits for purposes of 
design. The flat slab moments are 
compared in Fig. 11 with moments 
computed by the ACI Code, Sec- 
Fig. 11—Average bending moment in tion 1004, Table 1004(f), support 
column strip and middle strip for slab Type A, interior panel. The code 
moments are exceeded in all cases 
by grid moments, the latter agree- 
ing fairly well with the theoretical 0.125WL* value for the moments. 

The principles involved in the analysis of solid slabs apply as well to 
slabs with openings. A few cases of slabs with openings have been 
analyzed and the results are given in the set of curves which follows the 
next example. 











Moment (Kip fi/tr) 


Bending 


Average 





SLAB WITH CENTRAL OPENING 

Openings which cut through more than a few reinforcing bars in a 
concrete slab present rather serious problems in the proportioning and 
layout of steel. In 1936 Wiedemann! reported an approximate solution to 
the square slab with centrally located square opening using the method 
of difference equations, and in 1952 Ewell, Okubo, and Abrams? reported 
a method using grid beams as a solution to the problem. In an effort to 
add to the study of this problem the method developed in this paper 


will be used to analyze the square slab with a central square opening. 
An example is followed through for an 18 ft square slab with a 6 ft 
square opening (Fig. 12), and the bending moments resulting from that 
analysis are shown in Fig. 13 where they are compared with moments 
computed by Wiedemann’s analysis. Moment curves for the same slab 
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Fig. 12—Slab layout show- 
ing strips and beams 


EEE 


si of Strips st biwn beams 


with a different grid are shown in Fig. 14 and 15. Fig. 16 gives moments 
for a slab of the same outside dimensions and loading but with a different 
central opening. All of these slabs carry a uniformly distributed load of 
275 psf, and all moments were computed by the same method. 


Data 


Dimensions: 18 ft x 18 ft x 6 in. 

Edges: Clamped 

Load: Uniform live plus dead = 275 psf 

Opening: Centrally located 6 ft square opening 

Poisson’s ratio: Zero except when computing shearing modulus for estab- 

lishing moment distribution factors; in that case assumed to be 1/6. 

Computations for the component of the concentrated panel load due to uni- 
form load on simple beams at joints are shown in Tables 7 and 10. Relative M/ 
values based on the same deflection between all adjacent joints are shown in 
Fig. 17. 

Loads within sections (see Fig. 18): 


Cumulative 

Section Load, lb load, lb 
g-g 4P. 6,600 

f-f 8P, = 15,360 21,960 

e-e 4P 9,320 31,280 

d-d 4P,— 4,920 36,200 

c-c 8P, = 11,520 47,720 

8P. = 16,710 64,430 

4P,=—= 1,520 71,950 


SR equations: (See Appendix for development of the general equation) 
SR. = (1/71.95) (83 Mww/1.5 + 83 Mow/1.5 + 8S Maw/1.5 + 435Mew/1.5) 
SR, = (1/64.43) (83Miuw/3 + 83Mo2w/1.5 + 83 Mew/1.5 + 45Myw/1.5) 
SR. = (1/47.72) (83M2s/2.5 + 83Mz2;/3 + 85Mow/1.5 + 435 Mew/1.5) 
SRa = (1/36.20) (83Mx/2 + 83Mos/3 + 8S Mee/3 + 43Mvw/1.5) 
SR (1/31.28) (8SMz2>/3 + 83Moe/3 + 45Mye7/3) 
SR; = (1/21.96) (83Mse/2.5 + 83Mye/3 + 45M,y-/3) 
SR, = (1/6.60) (83Me:/2 + 43M,z-/3) 
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Fig. 17—A quadrant of 18 

ft square slab. Relative W’ 

values shown are based on 

the same deflection between 
all adjacent joints 


s . _dsk-Symm ob!/ ares 
\ 


These equations appear in simplified form in Table 9. SR due to w alone rep- 
resents SR computed from M, in Table 10; this is added to SR computed from 
31, S2, 33, and 34 respectively to give the SR values for Trials 1 through 4, re- 
spectively. 

Bending moments: The average bending moment in a slab strip is computed 
in the following manner: 

The value of 34, which represents Ms, is taken from Table 11 and divided 
by the product of the strip width and SR for Trial 4; this quotient is then added 
to m.. The resulting sum, m, represents the average bending moment in the 
slab strip. These values are then plotted on a graph, and the bending moment 
curve is faired in between the plotted points 

Bending moment curves for this case are shown in Fig. 13. 


TABLE 7 — SIMPLE PANEL LOADS 


Dimensions, ft > 275 
Joint Area, E <f9 Totals 


sq ft Ib 

5.06 1392 a 1392 5,568 

6.15 17C0 a 1700 13,660 
1392 a 1392 11,116 
1238 11238 4,952 
1700 
2080 2080 8,320 
1858 1858 14,864 
1650 1650 6,600 
1392 
1858 


1238 


1W 1N ‘ 2° 5S 5 3,712 
2W’ — 2N ‘ 2.75 2.06 567 ‘ 4,536 
3W 3N : 2% 5S 5 a 464 3,712 
4w’ 4N 7 5 2 412 1,648 

Corner 7 7 5§ 4@ 155 620 


Total 79,248 
Load 79,260 


Note:1W, 3W’, etc., refer to loads at ends of beams which bear directly on the supporting 
structure; these are designated on Fig. 17. “Corner’’ represents a small square area not ac- 
counted for in other calculated areas; it is the small square at each slab corner 
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Discussion 

In the problem illustrated above the moments at corners of the open- 
ing are of concern, and an effort was made to feel out the trend of those 
moments by varying strip widths in other analyses not given here. The 
results of three cases using different strip widths are shown in Fig. 13, 
14, and 15. The moments at a point 6 ft from the west edge in the 
intermediate strip of Fig. 14 and in Strip 2 of Fig. 15 differ slightly al- 
though the strips south of these are quite different in the two cases. 
The difference is probably due more to the approximate method of curve 
fitting than to the layout of strips. Narrower strips adjacent to the 
opening might bring out more detail. For purposes of design the average 
moments found in the three analyses of this slab agree reasonably well. 

Fig. 16 shows moments in the same slab with a smaller central opening 
to be greater along the fixed edge at the center line than was found in 


TABLE 8—DISTRIBUTION FACTORS 


Distribu- 
Joint Member Width Length ‘ id . Stiffness tion 
factor 


8.000 0.482 
3.068 0.185 
534 0.092 
000 0.241 
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534 0.114 
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mia 


4.800 0.351 
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0.963 0.071 
6.000 0.437 


2000000 
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the case where the opening was 
larger (Fig. 14, 15, 16). This is due 
to the fact that much more of the 
load was removed in cutting the 
larger opening than in the case of 
the smaller opening. The moment 
at the referred to point is smaller 
in all of these cases than the corres- | 
ponding moment in a similar slab -Symm 
without a central opening. 

The load area assigned to each 
joint for purposes of computing 
concentrated load has been handled 
the same way in all cases. This area Fig. !8—Layout of slab into groups of 

: . ae a ee joints for purposes of setting up statics 
extends from the joint in question ratio equations 
halfway to the adjacent beams in 
both N-S and E-W directions. In the case of joints adjacent to the opening 
one of these dimensions extends to the edge of the opening. In cases of 
overlap of such areas at corners of slab or of openings, the areas were 
divided equally between the joints involved. 


abt 
- ctr line. 


é Opening, 
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TABLE 9— STATICS RATIOS 


SR values 


SR equation From w 
alone 


SR. = 1/27 (23Miww + 23M’. + 25M'w + SM’ _0.1 
SR, 24.1 (S$Mis + 2SM'w + 25M ew + SM en —0.1 
SR 1/17.9 (1.23M 
SRa = 1/13.58 (1.53Ms + SM’: 4 + SM’ —0.0 
SR. = 1/23.46 (23M’. + 23M"n + SM”, —0.0 
SR; = 1/16.47 (2.43Ms 4 M's. 4 —0.0 
SR, = 1/5.03 (33Me + 3M”, —0.0 
. Average = 4 
Deviation from the Average 
SR. deviation +11.4 
SR, deviation + 6.7 
SR. deviation —10.3 
SR, deviation — 86 
SR. deviation —11.3 
SR, deviation —20.6|—10.8 
SR, deviation 422.9 4 18.6 


Numerical value of Average deviation 13.1| 7.9 
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Edge of slab First joint from edge. Fig. |19—Free-body diagram 
r of a strip 
] 





Irt wil 
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“a r Ve 
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Control points for smoothing in the moment curves were established 
in the same way as explained in the solid slab illustration and will not 
be discussed here except to say that the moments at ends of beams cut 
off at the opening are zero. 
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REACTIONS 


Edge reactions may be computed at the center of each strip, and an 
approximate curve of these reactions can be drawn. Because of the dif- 
ficulty encountered in handling concentrated torques at joints, it is sim- 
pler to use a strip extending from the edge support to the first joint for 
this purpose. It is recognized that the concentrated torsional moment 
found at each joint is distributed in some way between joints. If, how- 
ever, the bending moment found on the side of the joint facing the edge 
of the slab is used to find reactions, the distributed torsional moments are 
eliminated from computations. This is explained by the fact that the 
joint moment on the side toward the edge of the slab is made up of the 
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slab bending moment plus the twisting moments between that section 
and the edge. Following this reasoning, reactions have been computed 
as shown in Fig. 19. 


Notation 


edge moment on a strip 1 ft wide 
moment at a joint on strip 1 ft wide 
distributed twisting moment 
uniformly distributed load 
275 lb per ft 
M,.=0 = Mw + RwL—swL*—M,.+ fmrdL 
Ry (1/L)[—Mw+ (Me—JSmr dL) ]+4wL 


Let M;—fmrdL = M,’, where M,’ is the moment computed in the moment dis- 
tribution process at the first joint from the edge on the side facing the edge. 
Then: 


Rw = (1/L) (—Mw+M,’) +4wL 


For the solid slab analyzed earlier these reactions are computed below (see Table 
6 for moments): 


Strip L M« M ’ (1/L) (—Mw+Mry) swL R, kips per ft 
Edge 3 ft —ieo| -—eCis 0.49 0.413 0.90 
Center 3 ft — 4.25 + 0.42 1.55 0.413 1.96 


The value of the reaction is plotted at the center of the strip, and the reaction 
curve is faired in to the plotted points. 


Discussion 


The reaction curves serve to give rather approximate values, but from 
these the general distribution of reaction may be found. None of these 
curves show, for either reaction or moment, the tendency to pull up on 
the supports at the corners. It is possible that the reactions computed by 
the above method for slabs using a relatively few strips would differ 
from the true values, if these were available. The values should approach 
the true values as the density of strips increase, but the effort of a so- 
lution with many strips might be prohibitive. It is possible, too, that a 
refined method could be developed to use strip moments in getting bet- 
ter values for reactions, but the writer has carried it no further than 
indicated above. 


CLOSURE 


Results of moment analyses of solid slabs show that the approximate 
solution obtained by this method agrees reasonably well with results 
from theoretical methods. Wiedemann’s analysis by difference equations 
is the only method found by the writer wherein square slabs with square 
openings have been actually analyzed, and hence provides the only re- 
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sults for comparative purposes. It is shown in Fig. 14, 15, and 16 that 
agreement between the two methods is reasonably close, and possibly 
closer than is expected for purposes of design of structural slabs. 
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APPENDIX 


Distribution factors for torsion members’: * 
Consider the torsion of the member shown in Fig. A-1. 
T/0 = (a:rb;*) (16/3 =1b:/a:) G/L: 
Teo = (1/12) (Zaz) (20,)* 
then a:b,*° = (3/4) I. 
C= 4E/(1 +v) 
Let v = 1/6, then 
G = 3E/7 
Where 2 is a shape factor depending on ratio of sides a and b; T is torsional 
moment; G is shearing modulus of elasticity; 6 is total angle of twist over the 
twisted length, L:. 


TUE 
[2 ar J SECTION 


Before twisting ——— 


After twisting ee 


Fig. A-| —Torsion of rec- 
tangular section 
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Fig. A-2—Relation between ¢; and the 
ratio a/b of a rectangular section in 
torsion 


+ + + 
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Substituting for G and a:b,’: 
(T - El.2/L:) 0.321429 (16/3 — 2.b./a:) 
The right side of this equation is a variable depending on the value of 2b,/a:. 
Designating this variable as ¢: the equation becomes: 


(T/0 ~ EI,:/L:) ot (See Fig. A-2) 


Distribution factors for bending members 


Consider the section shown in Fig. A-3 bending about axis x-z. 
Mae = (2ElIez/Lv) (204 +0.+3A/L») 
For zero deflection, A = 0: Mus (El.2/L») (404 + 202) 
For the case of A = 0 and 60,=0 Mas = 4(EI22/L») O14 
For the case of A =0 and 6s =— 4420, Maz = 3(EI.2/Ln) On 
For A —0 let the factor for end condition be @, then: 
Mas = M,# gv (El se/ Lv) Os 
(Man/@1) = oo (EI.2/L) 
For End B fixed, ¢, — 4 
For End B pinned, ¢ = 3 


Since I,, is directly proportional to width 2a, and to (2b)*, and since 2b is 
constant throughout the slab in this study, I.. may be replaced by 2a in computing 
distribution factors. These distribution factors being relative values will not be 
influenced by this change. 

In Fig. A-4 consider the N-S axis as the axis of rotation. Apply a moment M 
at Joint A to produce @ rotation of A about the N-S axis. Assume N and S 
clamped to permit no rotation at those ends. W and E are either clamped or 
hinged. The total moment M about the N-S axis is: 

M = Maw+ Mart Tax + Tas 


Let I../L be replaced by (strip width)/(span length), 2a/L, for purposes of 
computing factors such as the distribution factor, DF, where the constant thick- 
ness will not influence values. Then: 


M,:/0 (dp E 2a,/Ln) as T2/0 (@: 2a; E/L:) 4 


\e 


~ 


vials 


SECTION & 


Fig. A-3—Bent beam; slope I, = (2a,X24)/12 Le a 
and end moments (Subscript b indicates bending 


oe 





JOURNAL OF THE AMERICAN CONCRETE INSTITUTE December 1959 


) Munn; Va Fig. A-4 — Moment and 


shears at any Joint A 


SR«R A 


Mwa Maw, Vaw an Man; a 
Vwa (| —bn—ly { (te Le }) Mea; Vea 


y Mas; Vas 


J Msn; Vsa 


Mae; ra 


(2a/L), 
(2a/L) 


(M/t).4 (o. Ek») an 
(T/®@) as (od: Ek:) as 
M = Mawt+ Mae+TastT as 
M/0 = (¢» Ek») aw + (go Eko) ace + (gt Ek) ay + (o: Ek,) 
Miw/0 (o» Ek») aw 
M/e ~ (gn Ek») aw + (Gn Eke) ae + (gt Ek) av + (Gt Eke) 4 


M4 (prk») aw its ' 
M > kes + Se. ke distribution factor for AW = DF, 


Similarly, 


Mir/M (ds Kp) ae/ (Sho kn + Sor ke) DF «, 
Tav/M = (¢1 K+) aw/ (Son ko + Sor ke) DF 4, 
Tas/M = (¢1 kt) as/ (Soo ko + Sor kr) DF, 
When far end is fixed, ¢ = 4; when far end is pinned, ¢ = 3 
k, = (width/length) in bending; k;, (width/length) in torsion 
¢: is shown in Fig. A-2 
> signifies the summation of quantities indicated at the joint in question 


STATICS RATIO EQUATIONS 


The statics ratio equation will be developed for any Joint A, then for a group 
of joints. 

Consider any Joint A. Values of moments and shears are taken from the 
moments computed for an assumed deflection; this assumed deflection is SR 
times the true deflection under the concentrated panel load. The resulting mo- 
ment and shears, then, divided by SR give the “true” moments and shears for 
the deflection under the concentrated panel load 


XF; 0 

(SR.)P, Vaw - 

Vas (1/Lw) (Maw 

Vas (1/L.) (M, 

Vas (1/Le) (Mu 

Va (1/L.) (Mas 

SR, (1/P4) (Vaw 
(SR,) (1/P4)[(CSMaw/Lw) + (3Mazs/Ls) 
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Fig. A-5—Free-body dia- 
gram of a group of joints 
from a grid 





SR Constant 





|) Mos: V, 
— 


\ Mes; Ves { os; Vos 


This is the fundamental SR equation for any joint A. 

Consider now a group of joints as shown in Fig. A-5 as a free body. This 
group of joints is in equilibrium, therefore we may apply statics: 
SF; — 0 — Vas T V, y+ Ves T Vos —_ Vor —_ Vaz —Vax a Vas = SR(P.-4 P,+ P, + Pp) 


(1/Law) (M aw + Mwa) — >Maw Liaw 
Similarly: 
V. “ SM, ‘ Lu Ws V, SM, 8 Li Ss; Vos = Move Los 


Voz Mo: Lor; rT SMax: Las; Vex = S>Mes Les: Vas = Mas Lax 
[Fr Mew Mes >Mos >Mo» 
SR P, Liaw T Lew t Les + Los a Loz 


=M »: >Mes >M ay 


La: Les = Las 
SR CL/SP cctccn) (RIE cocteenl i) 


P, 4 LP, 


This is the fundamental SR equation for a section made up of any number of 
joints. 


Discussion of this paper should reach ACI headquarters in tripli- 
cate by Mar. 1, 1960 for publication in the June 1960 JOURNAL. 
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of Significant Contributions in Foreign and Domestic Publications 


AIRPORT RIGID PAVEMENT 
BIBLIOGRAPHY 


By SHU-T’IEN LI* 
FOREWORD 


This bibliography, listing the literature dealing with airport rigid 
pavement, has been compiled chronologically to reveal its technological 
advancement. To achieve maximum usefulness, and yet eliminate ob- 
solete material, the compilation has embraced the two decades from 1939 
to 1958. Airport rigid pavement has had its greatest technological de- 
velopment during the period chosen. 

The political and military maneuvers that precipitated the eve of 
World War II marked the beginning of accelerated preparedness to pro- 
vide adequate military facilities for the heavy demands of aircraft op- 
erations. Since World War II the successive military and civilian avia- 
tion events, including the advent of the “jet age,’ have nurtured the 
growth of engineering literature on airport rigid pavement. 

To further confine this bibliography to a reasonable length, that part 
of airport rigid pavement literature which deals with prestressed pave- 
ment has already been published in the ACI JourNaL.j Because pre- 
stressed pavement is in an early stage of development, that bibliography 
was given a dual coverage of literature on both airports and highways 
so that the technical development and construction experience gained 
in one phase of application will benefit the other. 

During the past two decades, airport rigid pavement design criteria 
and construction practices have become more or less well established 
for both civil and military airfields. 

There has been an ever unfolding trend in (1) longer runways, (2) 
wider taxiways, (3) heavier wheel loads, (4) better understanding and 
treatment of subgrade, (5) improved subsurface drainage, (6) more ad- 
vanced aggregate processing, (7) optimum use of reinforcement, (8) better 


A part of copyrighted JouRNAL oF THE AMERICAN CONCRETE INSTITUTE, V. 31, No. 6, Dec. 1959 
(Proceedings V. 56). Address P.O. Box 4754, Redford Station, Detroit 19, Mich. 
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tLi, Shu-t’ien, “Prestressed Pavement Bibliography,” ACI Journat, V. 31, No. 4, Oct. 1959 
(Proceedings V. 56), p. 341. 
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concrete control, production, placing, compacting, screeding, and curing, 
(9) better technique in joint forming, (10) more experience with overlays, 
and (11) methods to combat frost effects and artic temperatures as the 
frontier of defense climbs in latitude. Unending are the dynamic chal- 
lenges confronting engineering talents. 


Since World War II, the design of military aircraft and civilian trans- 
ports has advanced at such a rapid pace that, by 1950, heavier gross loads 
and higher contact pressures had made many World War II runways 
obsolete. The increased weight of aircraft coupled with the extensive use 
of jet engines has necessitated the lengthening of runways. Though track- 
type landing gear offers a method of distributing wheel loads, it also 
lengthens take-off runs and is considerably heavier than the wheel type. 


Blasts of jet engines and deteriorating effects of jet-engine fuel have 
posed new problems to pavement engineers: (1) effect of spillage of jet 
fuel, (2) force of the blast, and (3) heat of the blast. Rigid pavements 
and fence deflectors of concrete have met such challenges. Even with 
asphaltic concrete runways, a portland cement concrete section of 300 
to 400 ft is provided at the end of the runway to meet military require- 
ments, and a large circular concrete holding pad to allow servicing of 
jet transports without danger of chewing up asphalt pavement. 
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204. ACI Committee 325, “Recommended Practice for Design of Concrete Pave- 
ments (ACI 325-58),”” ACI JourNaL, V. 30, No. 1, July 1958 (Proceedings V. 55), 
pp. 17-51. 

205. ACI Committee 617, “Specifications for Concrete Pavements and Concrete 
Bases (ACI 617-58) ,” ACI JournaL, V. 30, No. 1, July 1958 (Proceedings V. 55), 
pp. 53-81. 

206. Subcommittee VIII, ACI Committee 325, “Design of Concrete Overlays for 
Pavements,” ACI JouRNAL, V. 30, No. 3, Sept. 1958 (Proceedings V. 55), pp. 
315-320. 

207. “Sound Compaction, Smooth Finish Mark B-52 Runway,” Engineering 
News-Record, V. 161, No. 16, Oct. 16, 1958, pp. 50-51. 

208. “Bomber Based Paved at Jet-Age Speed,” Engineering News-Record, V. 
161, No. 18, Oct. 30, 1958, pp. 34-35. 

209. “Factors for Building Runways for Jets,” Field & Office Manual, McGraw- 
Hill Publishing Co., (Engineering News-Record), New York, Fall 1958 Edition, 
p. 29. 
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210. “Fence Deflects Jet-Plane Blast,” Field & Office Manual, McGraw-Hill 
Publishing Co. (Engineering News-Record), New York, Fall 1958 Edition, p. 66. 

211. “Runways,” Consulting Engineer, V. 11, No. 5, Nov. 1958, pp. 102-104,106. 

212. Woodward, Jr., E. J., “Asphalt Resurfacing of an Operating Airport,” 
Civil Engineering, V. 28, No. 12, Dec. 1958, pp. 52-53 


UNIT PRICES OF ACTUAL BIDS, 1953-1958 


1953 


213. ““Manhattan, Kansas, Runway Extensions,” Engineering News-Record, V. 
150, Jan. 1, 1953, p. 56. 

214. “Lake Charles Air Force Base, La,” Engineering News-Record, V. 150, 
June 11, 1953, p. 92. 

215. “Detroit-Wayne Airport Paving,” Engineering News-Record, V. 150, June 
25, 1953, p. 77. 

216. “Schenectady Airport Paving,” Engineering News-Record, V. 151, Sept. 17, 
1953, p. 86. 

217. ““Mountain Home Air Base, Idaho,” Engineering News-Record, V. 151, Oct. 
8, 1953, p. 195. 

218. “San Bernardino, Calif., Runway Extension,” Engineering News-Record, 
V. 151, No. 26, 1953, p. 59. 


1954 


219. “Forbes Air Force Base, Kansas, Pavement,” Engineering News-Record, 
V. 153, Oct. 7, 1954, p. 224. 

220. “Dover Air Force Base, Delaware, Improvement,” Engineering News-Rec- 
ord, V. 153, Nov. 25, 1954, p. 46. 


1955 


221. “Indian Springs, Nev., Air Force Base Runway Extension,” Engineering 
News-Record, V. 154, Mar. 3, 1955, p. 66. 

222. “Chicago Airport Runway,” Engineering News-Record, V. 154, Apr. 14, 
1955, p. 109. 

223. “Brookley, Ala., Airbase Runway,” Engineering News-Record, V. 155, 
Aug. 11, 1955, p. 154. 

224. “Houston, Tex.—Rigid Taxiway on Oyster Shell Base,” Engineering News- 
Record, V. 155, Sept. 29, 1955, p. 178. 

225. “Minneapolis-St. Paul International Airport Parking Apron and Drainage,” 
Engineering News-Record, V. 155, Sept. 29, 1955, p. 176. 

226. “Minot Air Force Base, N. D.—Jet Airfield Paving and Fuel Storage,” 
Engineering News-Record, V. 155, Sept. 29, 1955, p. 172. 

227. “Seattle-Tacoma Airport Runway Extension,” Engineering News-Record, 
V. 155, Sept. 29, 1955, p. 178 


1956 
228. “Davis-Monthan, Tucson, Ariz.—Design Plans for Taxiway, Runway, and 
Aprons Require Precision Works,” Engineering News-Record, V. 156, Apr. 19, 
1956, p. 136. 
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229. “Minnesota Airbase Changes to Rigid Paving,” Engineering News-Record, 
V. 157, Aug. 16, 1956, p. 98 

230. “Simmons Field, N. C., Heliport Paving Costs $0.59 per Sq Ft,’ Engineer- 
ing News-Record, V. 157, Sept. 13, 1956, p. 110. 

231. “Ellsworth Air Force Base, South Dakota—$1.3 Million for Aprons,” Engi- 
neering News-Record, V. 157, Sept. 20, 1956, p. 89. 

232. ‘Dallas’ Love Field—Ramps and Service Ways,” Engineering News-Record, 
V. 157, Dec. 6, 1956, p. 237 

233. “Indianapolis Airport—Close Bids on Runways and Taxiways,” Engineer- 
ing News-Record, V. 157, Dec. 6, 1956, p. 238. 

234. North Dakota Airfield, the Hector Field in Fargo Gets Cement Concrete 
Pavement,” Engineering News-Record, VY. 157, Dec. 6, 1956, p. 240. 


1957 

235. “Lansing, Mich., Airport Paving,” Engineering News-Record, V. 158, Jan. 
10, 1957, p. 76. 

236. “Detroit, Michigan, Airport Paves Taxiways and Apron,” Engineering 
News-Record, V. 158, Mar. 21, 1957, p. 128 

237. “Langley Air Force Base, Va., Paving Has Swamp Problem,” Engineering 
News-Record, V. 158, Apr. 18, 1957, p. 124 

238. “Ft. Worth Airport Instrument Runway,” Engineering News-Record, V. 
158, May 2, 1957, p. 78 

239. “Rosecrans Field, Missouri, Enlarged,” Engineering News-Record, V. 158, 
June 27, 1957, p. 106 

240. “Birmingham, Ala., Airport—-Runways and Taxiways,” Engineering News- 
Record, V. 159, Aug. 8, 1957, p. 81. 

241. “Scott Air Force Base, Belleville, Ill., Extends Runway,” Engineering 
News-Record, V. 159, Aug. 8, 1957, p. 81 

242. “Charleston Air Base Runway Is a Complex Job,” Engineering News- 
Record, V. 159, Oct. 17, 1957, p. 243. 

243. “Sheppard AF Base, Texas—B-52 Runway, T/W and Aprons,” Engineer- 
ing News-Record, V. 159, Oct. 17, 1957, p. 244. 

244. “Sioux City AF Base, Iowa—Runway Extension,” Engineering News-Rec- 
ord, V. 159, Oct. 17, 1957, p. 244 


245. “St. Louis, Mo.—Top Speed Needed on Runway Overlay,” Engineering 
News-Record, V. 159, Oct. 17, 1957, p. 248 


1958 

246. “‘Los Ange'es, Calif., Airport,” Engineering News-Record, V. 160, Mar. 20, 
1958, p. 54. 

247. “Arkansas Air Base Is Jet-Proofed,” Engineering News-Record, V. 161, 
Oct. 9, 1958, p. 62. 

248. “Los Angeles Improves Airport,” Field & Office Manual, McGraw-Hill 
Publishing Co. (Engineering News-Record), New York, Fall 1958 Edition, pp. 
121-122. 

249. “Operational Apron Blastproofed at Barksdale Air Force Base, La.” Engi- 
neering News-Record, V. 161, Dec. 18, 1958, p. 62. 

250. “‘2-Shift, 7-Day Work Schedule Priced for Air Force Base Alert Apron,” 
Engineering News-Record, V. 161, Dec. 25, 1958, p. 85. 
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Bridges 


Transverse rigidity of slab-type 
bridge composed of prestressed 
joists in combination with cast-in- 
place concrete (in japanese) 

SuHunjr Inomata, Journal, Japan Society of Civil 


Engineers (Tokyo), V. 44, No. 1, Jan. 1959, pp 


15-22 


Reviewed by Kiyosu1 OKapa 


Experiments were made to deter- 
mine the load distribution factor for 
slab-type bridge composed of pre- 
stressed joists in combination with cast- 
in-place concrete. Torsional properties 
were estimated as a = 0.85. Test re- 
sults of the slab under a concentrated 
load are also presented. 


Resilient bearings for bridges (Gum- 
milager fur Brucken) 
GortHarD Franz, VDI Zeitschrift (Diisseldorf), 
V. 101, No. 12, Apr. 21, 1959, pp. 471-478 
Reviewed by Aron L, Mirsky 
Reports experience and investiga- 
tions of mounts made of Neoprene N5 
reinforced with steel wire mesh or 
sheet metal. Pads of this synthetic rub- 
ber were found suitable, used singly 
or stacked as needed, for bridge bear- 
ings that are required to accommodate 
linear and torsional displacements. 
Maximum permissible lateral displace- 
ment was found to be 65-70 percent of 
mount thickness; maximum bearing 
pressure on single-thickness mounts 
reinforced with sheet steel 1 mm thick 
was found to be 60,000-90,000 kilo- 
ponds.* 


For a brief report, in English, of 
some French experiences with Neo- 
prene mountings, see Engineering 
(London), V. 187, No. 4859, Apr. 24, 
1959, p. 543. 

: *1 kp (kilopond) 1 kef (kilogram-force 
gnkg (kilogram-mass); g1 gravitational « 

9,80665 m per sec? 


December 1959 
How to cross an unsafe bridge: A 
diversion in dynamic plasticity 


Kk. W. Parkes, 
No. 4835, Nov. 7, 


Engineering (London), V. 186, 
1958, pp. 606-608 
Reviewed by Aron Mirsky 
The problem considered here is: giv- 
en a bridge of uniform section which 
will collapse under a stationary mass 
M, placed at the center of the span, 
under what conditions can a crossing 
be accomplished with a vehicle of mass 
aM, (a> 1)? Author’s analysis, which 
he cautions is “not offered as a prac- 
tical aid to bridge building but as 
something a little more than a divert- 
issement for plasticians,” leads to Gmez 
= 1.2277 independent of vehicle speed, 
bridge span, and type of bridge reac- 
tions (simply supported or fixed). 
These results, based on a light bridge 
of rigid-plastic material, are “applica- 
ble to actual mild steel bridges, but 
it is not proposed to seek experimental 
confirmation.” 


Construction 


You can do something about the 
weather 
Concrete Construction, V. 4, No. 2, Feb. 1959, 
pp. 11-14 

As a factor that profoundly affects 
the whole construction picture, a bet- 
ter understanding of the phenomenon 
of weather will be well worth the few 
minutes required to read this discus- 
sion. 

There are five elements of weather 
with which the contractor should be 
familiar to make an educated guess on 
what tomorrow will bring. They are: 
clouds, wind, barometric pressure, tem- 
perature, and fronts. The article also 
discusses briefly how to interpret wea- 
ther maps that are published in the 
daily newspaper. 


Where the English title only is given in a review, the book or article reviewed is in English 
If it is followed by a foreign title the work reviewed is in that language. In those cases where 
the foreign title cannot conveniently be set in type or is not available, the language of the 


original article is indicated in parentheses following the English title. 


Copies of articles or 


books reviewed are not available through ACI. Available addresses of publishers are listed in 
the June “Current Reviews” each year. In most cases ACI can furnish addresses of publications 


added later. 


For those members who cut apart this section for pasting on cards for card indexes, a limited 
number of complimentary reprints of the “Current Reviews” section are available from ACI 


headquarters on request. 
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Even though concrete is peculiarly 
susceptible to the elements during con- 
struction periods, there are many de- 
vices to protect concrete construction 
from bad weather if they are put into 
effect in time. This is where some ba- 
sic weather knowledge on the part of 
the contractor can be of tremendous 
help. 


Stud-welded vibrating wire strain 
gage 


1. C. CHAPMAN, 


} The Engineer (London), V. 206, 
No. 5361, Oct 


24, 1958, pp. 640-641 


Reviewed by Aron IL. Mirsky 


New mechanical engineering build- 
ing at Imperial College is novel in its 
use of castellated steel floor beams, 
with reinforced bottom flanges. They 
are designed to act compositely with 
the floor slabs, such action being as- 
sured by welded stud shear connect- 
ors. Since this structure was the first 
of its type in England a long-term in- 
vestigation of the behavior of the steel 
members was desired. Special vibrat- 
ing-wire strain gages were designed 
and installed, using welded studs as 
gage posts, rather than the screwed-in 
posts previously used (cf R. J. Main- 
stone, Engineering, V. 176, No. 4566, 
July 31, 1953, pp. 153-156; “Current 
Reviews”, ACI JouRNAL, V. 25, No. 9, 
May 1954 (Proceedings V. 50), p. 816). 

Major difference between this gage 
and that developed and described by 
Mainstone lies in type of post used, 
stud-welded versus screwed. Discus- 
sion of this point, by Mainstone, is 
printed in issue of Nov. 21, 1958, pp. 
806-807. 


Composite design cuts steel 20 per- 
cent 


News-Record, V 
44 and 46 


Engineering 


1959, pp 


GARFIN KEL 
No. 8, Aug. 20, 


AARON 
163, 

This article describes briefly the de- 
sign and construction of the largest 
building yet constructed with compos- 
ite steel and concrete framing. The com- 
posite action was insured by welding 
steel studs to the top flanges of the steel 
floorbeams and later embedding them 
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in the concrete floor slabs. This made 
it possible to use lighter shallower 
beams than those designed by con- 
ventional methods. The floor beams 
were designed to support the dead 
weight of the wet concrete and the 
composite sections were designed for 
the total dead and live design loads. 
No shoring of the steel or concrete 
was required. The concrete floor slabs 
are reinforced with welded wire fabric 
draped from the top of the slab over 
the beams to the bottom of the slab 
at midspan. The slabs were designed 
conventionally as continuous spans, 
similar to noncomposite construction. 
The building contains 1000 tons of 
structural steel. This is about 200 tons 
less than would have been required 
with conventional designs. 


Architectural concrete re-examined 


Harotp J. Rosen, 
V. 50: No. 1, Jan. 1959, p 
pp. 9, 11 


Progressive Architecture, 
9; No. 2, Feb. 1959, 


Placing of covering veneers on con- 
crete surfaces adds to the cost without 
improving structural soundness. By 
exercising additional control, the con- 
crete surfaces of the structure can, by 
proper treatment, be finished satisfac- 
torily, both in texture and appearance, 
thereby eliminating some of the costs 
of covering veneers. Pertinent items of 
a specification for architectural con- 
crete are given and include: materials; 
form design, materials, and accessories; 
reinforcing; placing; form stripping; 
curing; finishing; and grout cleaning. 


Prefabricated large span industrial 
halls built in Poland (in Polish) 


Z. Zre.tnski, Inzynieria i Budownictwo (War- 
saw), No. 5, 1958, PP. 145-152 
OLISH TECHNICAL ABSTRACTS 
No. 4 (32), 1958 
Factory building used prefabricated 
girders of 36-m span, consisting of seg- 
ments on which prefabricated shell 
plates were laid. Individual segments 
of the upper and lower chords were 
post-stressed. Shell in the prefabricated 
plate was 2.5-3 cm thick. Together 
with the upper chord, the shell plates 
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formed the roof girder. For thermal in- 
sulation, three layers of fiber 
board were used. The girders rested 
on openwork columns, spaced 
6 m and forming a Vierendeel 
construction. The wall elements were 
designed as self-supporting. The walls 
in such a construction are independent 
of the load-bearing structure, and may 
be assembled or dismantled at 
time. 


wood 


every 
type 


any 


Construction Techniques 


Cylinder testing: This is how it 
should be done 


WitLt1AM C. Rerp, Concrete 
No. 9, Sept. 1958, pp. 26-30 


Products, V. 61 


Block testing: How it should be done 
WILLIAM C. Rerp, Concrete Products, V. 61 
No. 10, Oct. 1958, pp. 36-39 

This two-part series describes the 
proper handling and testing of cylin- 
ders and block outside the laboratory 

The first article cylinder 
molds, molding, capping, and testing. 
The importance of proper preparation, 
and its effect on results is emphasized. 
The second part places the same gen- 
eral emphasis on testing of block. 


discusses 


New jointing devices of centrifu- 
gally spun pipe (in Japanese) 
Kameicut Aya and Su N 

Japan Society of Ci Er 
No. 5. M 150. 1 18 


Re Kiy 0 


Introduces several recently devel- 
oped jointing devices for certrifugally 
spun pipe. Details of a mortise joint, 
a bolt joint, a joint using prestressed 
bar, and a special jointing method us- 
ing reinforcement are presented 


High-lift construction methods for 
mass concrete 
Orto Howtpen, Proceedings, ASCE, V. 85, PO 
3, June 1959, pp. 1-26 

The high-lift method of construction 
as used by Hydro-Electric Power Com- 
mission of Ontario has been character- 
ized by lift heights ranging up to 50 ft 
and occasionally more. The practice 
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has not required temperature control 
measures except for the prevention of 
unduly rapid cooling of lift surfaces 
and of formed surfaces under severe 
winter conditions. Present evidence in- 
dicates that the absence of serious in- 
ternal cracking is the result of the rela- 
tively free thermal expansion and con- 
traction of entire monoliths in which 
foundation restraint is restricted to a 
small fraction of the height of monolith 
or lift. All evidence from crack sur 
veys, embedded instruments, and stress 
indicates that dangerous 
cracking is unlikely in these structures. 


analyses 


Design 


Transverse flexure of shallow bar- 
rel shells 

G.-AF 
stitute 
Apr. 1959, pp 


Orvas, Transactions, Engineering In- 
of Canada (Montreal), V. 3, No. 1, 
23-31 
AUTHOR’s SUMMARY 
An approximate method of analysis 
is proposed in this paper for the trans- 
verse bending of elastic shallow barrel 
shells enclosing bases of arbitrary reg- 
ular geometry. A boundary collocation 
procedure is employed in the rigorous 
satisfaction of all the assigned boun- 
dary conditions at a number of pre- 
scribed points located on the boundary 
of the shell. 


Analysis of hyperbolic paraboloidal 
shell roofs 


F. A. Gerarp, Transactions, 
stitute of Canada 
mr. 1959, pp. 32-42 


Engineering In- 
(Montreal), V. 3, No. 1, 


AUTHOR’s SUMMARY 
After a 
formulas are developed for the design 


brief introduction, explicit 
of three types of hyperbolic parabo- 
shell 
trated by 


loidal roofs. The theory is illus- 


examples, in one of which 


comparison is made, in calculating a 


deflection, with experimental work, 


and the values are found to be prac- 


tically identical. The appendix discuss- 
es briefly a more rigorous mathemati- 
cal approach to the problem of analyz- 


ing these structures. 
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Analysis of concrete slabs on ground 


G. A. Leonarps and M. E 
ASCE, V. 85, SM 3, 


Harr, Proceedings, 
June 1959, pp. 35-58 
AUTHOR’s SUMMARY 
A new theory is developed for cal- 
culating the stresses and deflections in 
concrete slabs of finite size supported 
on ground. The theory accounts for 
weight, superimposed warping 
due to temperature and moisture gradi- 
ents, and for the condition that the 
slab may be only partially supported 
by the ground. 
The validity of the new 
assessed in the light of existing 
ories and available measured 


loads, 


theory is 
the- 


data 


Calculation of concrete blocks and 
solid slabs on rigid and elastic foun- 
dations for temperature influences 
by the method of Prof. V. Z. Viassov 
(in Russian) 


A. A. TcnetcHue, Sbornik Nauchnykh 
Beloruss, No. 54, 1956, pp. 139-155 

AppLiep MeEcHANICcS REVIEWS 

Apr. 1959 (Zadoyan) 


Rabot 


Solutions are given for thermal stres: 
conditions of rectangular Ap- 
plying the method of variations and 
representing the displacements by finite 
series, the problem is reduced to the 
solution of a system of ordinary differ- 
ential equations 

Calculation formulas are obtained 
for a thick slab on an elastic foundation 
acted upon by harmonically oscillating 
temperatures on the external 
of the slab. 


beams. 


surface 


Limiting equilibrium of ferrocon- 
crete plates (in Russian) 


KHALAS, 
(Moscow), No. 8, 


Izvestiya Akademii Nauk 

1956, pp. 45-52 

App_Liep MEcHANICcs Reviews 
Aug. 1959 


SSSR 


An investigation is made of the con- 
dition of the limiting equilibrium of a 
ferroconcrete plate, freely supported 
along its edges, with a single increasing 
load and with identical reinforcement 
in two perpendicular directions. The 
initial equation of the boundary condi- 
tion is derived on the principle of pos- 
sible transpositions. It is shown that 
the surface of possible transpositions, 


of the 
boundary load, is ascertained by solv- 
ing the differential equation 2..2,, — 
a 0 (z=0 on the contour), where 
y are curves of the surface of 
the transpositions. If the plate being 
investigated has a multifaced contour, 
then the solution of the equation intro- 
duced would take into account 
of the plane bits passing 
contour lines 


determining the maximum size 


above 
the surface 
through the 


Calculation of spherical ferrocon- 

crete vaults (in Russian) 

Ku Ku. LAUvte, Trudi Tallinsk, No. 65, 1955, 

oe AppLiep Mecuanics REvIEws 
Apr. 1959 (Elapt’evskii) 

An approximate method is suggested 
for the calculation of a spherical ferro- 
concrete vault having closely spaced 
meridional cracks in the vicinity of 
the supporting ring. 

Problem is examined on condition 
of axial symmetry with the load uni- 
formly distributed over the surface of 
the vault. The solution is arrived at by 
means of a calculation of the statically 
indeterminate method 
of forces. 


systems by the 


Results are presented of a numerical 
vault; curves of the 

and annular forces 
are presented; and a chart of the fund- 
amental calculation parameters is giv- 
en 


calculation of a 


bending moments 


Plastic analysis of structures 


P. G. Hopce, Jr.,. McGraw-Hill Book Co., 
York, 1959, 364 pp., $10.50 

AppLiep MecHANiIcs REVIEWS 

July 1959 


New 


Book presents the techniques in the 
analysis of structures beyond the elas- 
tic limit and the conditions under 
which a plastic analysis is appropriate, 
safe, and economical. Structures treat- 
ed include beams, frames, shells, plates 
and under static and variable 
loadings, including dynamic effects. 
Two theorems are emphasized 
which enable lower and upper bounds 
on the loading capacity to be deter- 
mined by independent consideration of 
static and kinematic conditions respec- 


slabs 


basic 
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tively. Book has two parts: Part I 
treats in detail the application of plas- 
tic methods to Bending of beams and 
frames, and also deals with elastic- 
plastic deformations, variable and re- 
peated loading, and direct procedure 
of design. Part II is primarily con- 
cerned with combined stresses in 
beams, circular plates, and cylindrical 
shells. A brief introduction to some of 
the problems encountered in the dy- 
namic loading is included. At the end 
of each chapter problems with exam- 
ples are thoroughly discussed. Exten- 
sive bibliographies and references are 
given. 


Materials 


Laboratory investigations and prac- 
tical experiences with plasticizer- 
containing plastics for mortars and 
concretes 


WERNER, FRANKE, Silikattechnik 
10, No. 3, 1959, pp. 123-128 

CERAMIC ABSTRACTS 

Aug. 1959 (Hartenheim) 


(Leipzig), V 


Plastic mortars and concretes are 
normal mortars and concretes refined 
by additions consisting mostly of poly- 
vinylacetate, polyvinylchloride, caout- 
chouc, etc. They possess higher elasticity 
and toughness owing to a more favor- 
able ratio of bending-tensile strength 
to compressive strength, better me- 
chanical strength and workability, and 
especially better adhesion. The best 
ratio of PVA to cement is 0.2 by weight 
with a mortar mixing ratio of 1:2.75 to 
1:3 by weight. The results of practical 
tests and instructions for processing are 
discussed in detail. 


Autogenous healing of concrete 


T 


R. Govinpa Menon, Indian 
(Bombay), V. 33, No. 5, May 
178 


Concrete 


1959, pp 


ournai 


161-162, 


One of the properties of concrete 
yet to be widely recognized is the 
property of self-healing which a con- 
crete that has failed in compression or 
tension possesses to a remarkable de- 
gree in the presence of moisture and 
when the fractured parts are in inti- 
mate contact. Experiments show that 
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concrete is capable of healing to such 
an extent that healed specimens have 
been found to be stronger than in 
their original state. Consideration of 
this important property is useful in 
everyday construction, where failures 
due to sagging forms or the lifting of 
precast units at too early an age are 
encountered. This article discusses the 
experiments carried out at the college 
of engineering, Trivandrum. General 
observations are made on test results 
concerning healing in compression, ten- 
sion, and bond. Discusses the practical 
applications of this property to con- 
struction conditions. 


Should timber or reinforced concrete 
be used for roof structures? (in Serb 
Croatian) 


I. Kovacic, Nase Gradjevinarstvo 
V. 13, No. 2, 1959, pp. 36-37 
eviewed by J. J. PottvKa 


(Belgrade), 


Comparison of costs based not only 
on the size of the building but also on 
availability of materials, labor, trans- 
portation conditions, fire safety, and 
other factors. No final conclusions are 
made, but further investigations are 
suggested. 


Pavements 


Concrete pavements: Statistical an- 
alysis of four years’ experience (in 
Spanish) 
FLORENCIO GONZALEZ-ASENJO, Laboratorio de 
Ensayo de Materiales (La Plata, Argentina), 
Series 2, No. 69, (1957), Je. ee 
Reviewed by EMILIo ROSENBLUETH 
Presents statistical analysis of tests 
carried out between 1950 and 1953. 
Parameters were computed from 11,437 
compression tests and 9243 measure- 
ments of pavement thickness. Author 
compares means and coefficients of 
variation with those computed from 
tests performed between 1943 and 1945 
under different conditions of accept- 
ance. The comparison shows a pro- 
nounced influence of control specifica- 
tions on statistical parameters. Data 
are used to compute contractor’s ex- 
pected losses due to failure to meet 
specifications. For paper’s purpose as- 
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sumption of Gaussian distributions of 
strength and pavement thickness is 
satisfactory. Yet, author states chi- 
squared tests shows this assumption to 
be significantly in error. Indeed, even 
histograms on arithmetic plot differ 
visibly from Gaussian distributions, 
particularly in the range of small 
strengths. The departure from the usu- 
ally assumed normal distribution is 
confirmed in other studies (Cf. A. I. 
Johnson, Bulletin No. 12, Division of 
Building Statics and Structural Engi- 
neering, Royal Institute of Technology, 
Stockholm, 1953) and is important 
from the viewpoint of structural de- 
sign. 


Pavements of precast concrete ele- 
ments (Fahrbahnen aus Betonfertig 
Teilen) 


WINTERNITZ and STvutTtTcart, 
buch 1959, Bundesverband der Betonstein- 
industrie E.V., (Bauverlag GMBH, Wies- 
baden-Berlin), pp. 64-77 

Reviewed by J. F. LeppMann 


Betonstein Jahr- 


While concrete paving blocks have 
been used long enough to enable the 
Highway Research Association (Fors- 
chungsgesellschaft fiir das Strassen- 
wesen, e.V.) to issue preliminary di- 
rectives for their fabrication and in- 
stallation only a few applications of 
larger pavement blocks are known. 
After discussing the general problems 
involved and reporting on some experi- 
ments made in the USSR author de- 
scribes in detail, fabrication and place- 
ment of concrete plates of 87 x 78 x 8 
in. in a test section of a residential 
street. 


Influence chart for bending of a 
semi-infinite pavement slab 


G. Pickett and S. Baparupprn, 9th Interna- 
tional Congress of Applied Mechanics, Brus- 


sels University, Belgium, V. 6, 


1957, pp. 396- 
402 


AppLiep MECHANICS REVIEWS 

May 1959 (Karni) 

For a semi-infinite slab, supported 
by an elastic solid subgrade for which 
Boussinesq equations are applicable, 
authors derive and construct the in- 
fluence chart for the bending moment 
at the boundary edge, due to uniform 
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loading over rectangular areas in the 
vicinity of the point where the moment 
is desired. The complete mathematical 
derivations of present problem ap- 
peared in an earlier paper, but the 
principal steps are again briefly indi- 
cated and main expressions listed. Re- 
sults are compared with charts in the 
supplement to Bulletin No. 65, Kansas 
State College, “Deflection, Moments, 
and Reactive Pressures for Concrete 
Pavements.” 


Airport runways made of prestressed 
concrete (Vorgespannte Betonbahn- 
en im Flugplatzbau) 
FrreprRicHh KiuNKER, Beton und Stahlbetonbau 
(Berlin), V. 54, No. 4, May 1959, pp. 86-88 
Reviewed by Rupo._px SzILarp 
The following advantage of pre- 
stressed concrete runways are discussed 
in detail: no cracks, slabs up to 150 m 
without joints, and markedly increased 
service life. The construction costs are 
reduced by the fact that merely a 
fraction of the conventional subbase 
construction is reauired, since a 50 per- 
cent change in bedding constant pro- 
duces only 10 percent changes in the 
concrete stresses. The inherent smaller 
member thickness of the prestressed 
concrete (10 to 16 cm slab thickness) 
reduces concrete stresses caused by 
differential temperature stresses. Meth- 
ods of construction and partial pre- 
stressing are illustrated and discussed. 


Precast Concrete 


Automatization in the manufacture 
of cement blocks (Automatization 
dans la fabrication des blocs de ci- 
ment) 


Pierre Larorest, L’] 


génieur (Montreal), \ 45, 
No. 178, Summer 7 


(June) 1959, pp. 37-39 
Reviewed by Aron L 


, 46 
Mirsky 
Major obstacle to full automatization 
of concrete block production is the 
lengthy curing period required. Author 
proposes use of a floating kiln equipped 
with a compartmentalized rotary table, 
zoned to give exact curing treatment 
desired. Kiln is to be part of an “as- 
sembly line” in which the materials 
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are weighed and mixed, the blocks 
molded, inserted into the kiln, cured, 
and removed automatically. Article is 
illustrated with sketches (unfortunate- 
ly not too clearly reproduced) of plans 
at two levels and a longitudinal section 
through the machine. 


Multistory building frame made of 
prefabricated and cast-in-place con- 
crete (Hochhausbau mit Stahlbeton- 
skelett aus Fertigteilen und Ortbe- 
ton) 
GuNTER UTescHEeR, Beton und Stahlbetonbau 
(Berlin), V. 54, No. 2, Feb. 1959, pp. 31-37 
Reviewed by Rupo.px SziLarp 
The aim to be 
cated multistory building 
monolithic construction with a 
mum of work using prefabricated ele- 
ments. The difficult problem of 
such a construction, which has 
successfully solved, is the connection 
between prefabricated The 
column to column and especially the 
beam to edge beam 
noteworthy. 


achieved by prefabri- 
frames 


mini- 


most 
been 


elements 


connections are 


Shell roofs of precast reinforced 
concrete elements (Couvertures en 
beton arme avec grilles prefabri- 
quees) 
W. Zatewski, La Technique Modern- Con- 
struction (Paris), V. 14, No. 7, Mar. 1959, pp 
88-92 
Reviewed by ALEXANDER M. Turtirz1 

This is an account of progress real- 
ized in Poland 1953 in the con- 
struction of shell roofs of separate pre- 
cast reinforced 
joined together to 
structures. 


since 
concrete elements 
form monolithic 

A full scale shell roof of parabolic 
shape 30 m long, 12 m wide, and 6 m 
high, supported by four corner column 
was tested to twice its design load ca- 
pacity without any noticeable damage 
The shell of the roof was formed with 
precast rectangular triangula! 
ribbed panels with beveled 
edges. When these panels were placed 
side by they formed V 
which reinforced 
in to form transverse and diagonal rib 


and 
outside 
side, joint 


were and concreted 
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j 
in the curved surface of the roof. 
Spaces between these ribs were filled 
with reinforced lightweight concrete 
thus forming a system of slabs sup- 
ported by ribs which carried the load 
to columns. 

Ribs along the perimeter of the roof, 
just above the columns, were designed 
as tie rods, thus holding the roof from 
spreading. Several interesting varia- 
tions of shell roof layout were devel- 
oped and are illustrated either by 
sketches or by pictures. One of these 
shell erected at the Inter- 
national Exhibition of Leipzig in 1954. 
The main characteristic of this type of 
construction is its light weight — only 
about 100 kg per sq m, and a great 
economy in reinforcing rods — about 
9.5 kg per sq m. 


roofs was 


Prestressed Concrete 


Study of the effects of gripping de- 
vices on the breaking strength of 
seven wire strand for prestressed 
concrete 


Laclede Steel Co., 1959, 8 pp 


Tests measured elongation and 
breaking point of 3s8- and %-in. diam- 
eter strand, using three types of strand 
chucks. Three areas of the strand were 
tested: strand in the bed 
least 24 hr; 
made by chucks 
and untensioned, 


under ten- 
strand with 
during ten- 
unnotched 


sion for at 
notches 
sioning; 
strand 

Concludes that strength is not affect- 
ed by chucks tested. Breakage did oc- 
cur in however. Report 
suggests study. 


notched 
further 


area, 


Post-tensioning anchorage for wires 
by metallic double cone (in japanese) 


M Vos M lapan Society of 
Civ Ene s lok \ 
Rev 

Describes a device 

which 

wedged by a 


new anchorage 


composed of steel cylinders in 
prestressing wires are 
conical plug and a steel cone receiving 


the plug 





CURRENT 


Private and public safeguards in use 
of prestressed concrete 

Ss Morris, Journal, South African 
stressed Concrete Development Group, 


hannesburg, V. 4, No. 1, Feb. 1955, p 18 
Reviewed by D. G. Norman 


Pre- 
Jo- 


Quoting from the paper: “This paper 
is concerned not with the structural 
or analytical technicalities involved in 
using prestressed concrete; but with 
the problems created by the fact that 
the process is still relatively new and 
as yet unregulated code 
ute 


by or stat- 

Discusses “negotiated contracts” with 
specialist firms, recommends that con- 
trol of design should be unlimited 
as possible, being confined to such mat- 
ters as loads, factor of safety (for ex- 
ample, '4 of cube strength), and lim- 
itations on flexural tension( especially 
in corrosive climates). 

Paper is largely descriptive and sug- 
gests steps to be taken by owners and 
municipalities to ensure good quality 
construction (by submission of calcula- 
tions, information on experience of 
contractor, etc.) in spite of the absence 
of any recognized standards. 


aS 


Structure of aircraft service depot 
at Gatwick for Transiar Ltd. 


Wintrrep |. M. Haines ar | 
\ 12 (session 1958 


f 
9 

In part to create a “prestige” struc- 
ture, and in part to improve the struc- 
tural qualities, roof of 280 x 110 ft 
hangar is supported by secondary and 
continuous with a V- 
shaped cross section of prestressed con- 
crete. Bracing in the place of the roof 
employs same basic pattern. Erection 
methods and their influence on design 
were careful'y studied before detailed 
design was started; precasting was em- 
ployed extensively. The good and bad 
points of the design, as pointed up by 
experience gained during construction, 
are summarized.* 


main trusses 
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Applications of the prestressing sys- 
tem “ITB” in industrial structures 
and bridges (Anwendung des Spann- 
verfahrens ITB im Industrie—und 
Bruckenbau) 
Hampe, Proxs, and Quest, Bauplanung-Bau- 
technik (Berlin), V. 13, No. 5 and 6, May and 
June 1959, pp. 204-210 and 271-277 
Reviewed by J. F. LeppMANnN 
Describes a post-tensioning system 
using sheathed bundles of from 30 to 
60 cold drawn wires, 0.192 in. in diam- 
eter. The waved wire ends are bent 
backwards and cast into heavily spiral- 
ly reinforced and armored concrete 
blocks which serve as either anchor 
or stressing heads. The article lists ma- 
terials and dimensions, describes stress- 
ing process, laboratory and field tests, 
and observations made during fabri- 
cation, transportation, and in the field. 


Properties of Concrete 


Impact testing of concrete 
H.Green, Proceedings, Conference on Mechan- 
ical Properties of Non-Metallic Brittle Mate- 
rials (London), 1958, pp. 300-315 

A brief review of work done on the 
resistance of concrete to impact is fol- 
lowed by an account of recent work 
on the subject carried out at the Build- 
ing Research Station. An apparatus 
based the ballistic pendulum has 
been used to study the effect of impact 
on concretes made from various types 
of aggregate. Measurements of the en- 
ergy absorbed by 4-in. concrete cubes 
when subjected to repeated blows were 
made, and the effect of curing condi- 
tions the impact strength of the 
specimens was observed. 


on 


on 


The shape and surface texture of the 
coarse aggregate in otherwise 
concrete influences the resistance of 
the concrete to impact applied on a 
relatively small localized area. The re- 
sistance appears to increase with the 
angularity and the roughness of the 
surface of the aggregate, probably as 
a result of the improved 
exists between the coarse aggregate 
the mortar. Air cured concrete 
cubes crack more readily than water 


similar 


bond which 


and 
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cured cubes at 28 days under impact. 
The effect of the curing conditions on 
the resistance to complete fracture is 
not marked and no clear relationship 
is shown between the results of the 
two methods of curing. 


Hardening of concrete under winter 
concreting conditions 
A. NyKANEN and S. Pruvayavaara, Publication 35, 
State Institute for Technical Research (Helsinki), 
1958, 160 pp. Road Abstracts, V. 25, No. 12, Dec 
1958, p. 278 
HicHway Resftarcu ABSTRACTS 
June 1959 
Presents the results of four different 
papers on various phases and prop- 
erties of winter concreting. Some of 
the topics discussed are: influence of 
temperature on strength; problem of 
effecting a proper curing temperature; 
age at which concrete ceases to expand 
under normal curing conditions; effect 
of calcium chloride on expansion; and 
strength of concrete cured during 
freezing temperatures. 


Drying shrinkage of autoclaved con- 
cretes containing fine aggregate (in 
Russian) 
A. V. Voizuensky and E. S. Smagenxov, Beton 
i Zhelezobeton (Moscow), No. 4, Apr. 1959, 
pp. 175-179 

Reviewed b, D. WaTsTEIN 

The author carried out an investiga- 
tion of shrinkage of autoclaved con- 
cretes containing either cement-lime 
sand mixes or slag-sand mixes which 
contained ground slag as a binder. The 
tests were made with 5 x 5 x 25-cm 
prisms. 

The use of less stringent conditions 
of drying of autoclaved concretes 
brings about a reduction of the shrink- 
age. Specimens of the cement-sand mix 
cured in the usual manner shows the 
same shrinkage both for an accelerated 
method (at 110C) as well as for dry- 
ing at 50C. 

Autoclaved specimens of a cement- 
sand and slag-sand show approximately 
the same shrinkage for equal densities. 
The absolute value of shrinkage for 
accelerated drying was within the 
range of 0.028-0.05 percent; for drying 
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at a temperature of 50C, the shrinkage 
ranged from 0.02-0.025 percent; and for 
drying at a temperature of 18 to 20C, 
in the range of 0.01-0.015 percent. 

Specimens of cement-sand mix cured 
in the usual manner and dried under 
severe conditions showed a shrinkage 
approximately twice as high as similar 
autoclaved specimens. 


Evaluation of the economic advan- 
tage of the use of special heavy 
concrete for nuclear shielding 
(Abschatzung der okonomischen 
Zweckmassigkeit der Verwendung 
von Spezialschwerbetons fur den 
Strahlenschutz) 


A. N. KoMarovsxkry 
V. 2, No. 2, 


Kernenergie 
Feb. 1959, pp. 150-153* 
Reviewed by Aron L 


(East Berlin), 
Mirsky 


After summarizing the work and 
conclusions of Western investigators 
(of the 8 literature citations, 7 are to 
American or British publications, au- 
thor reports Russian work leading to 
the conclusion that use of special heavy 
concrete is economically justifiable only 
in exceptional cases. 


*Translation by F 
Ac 4, 5 (1958), p. 437 


Bartels from the Russian, 


Structural Research 


Influence of anisotropy on the stress 
in rock formations in the vicinity 
of penstocks (Einfluss der Aniso- 
tropie auf die Beanspruchung des 


Gebirges in der 


Stollen) 


G. Sonnrac, 
No. 8, 9: Aug 
pp. 344-351 


Umgebung von 


Der Bauingenieur (Berlin), V. 33, 
1958, pp. 287-294; Sept. 1958, 


Reviewed by Aron L. Mirsky 


Analytical and experimental (photo- 
elastic) study. Three cases are investi- 
gated: (1) modulus of elasticity de- 
pendent only on direction, not on lo- 
cation, designated “homogeneous anis- 
otropy;” (2) modulus dependent on 
both direction and location (e.g., strati- 
fied rock), but the relation between 
them everywhere maintained un- 
changed; and (3) modulus dependent 
on both direction and location, with 
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slip between layers admitted. Circular, 
elliptical, and rectangular tunnel sec- 
tions are considered. 


Pressure of concrete on forms and 
pore water pressure (Forskaling- 
strykk og porevanntrykk) 


Rote Scuyopr, Idag 
1957, pp. 197-201 


Betongen (Oslo), No. 6, 


AvutTHor’s SUMMARY 


At the Norwegian Building Research 
Institute some determinations were 
made of the pore water pressure in 
fresh concrete. Results of these tests 
can be summarized as follows: (1) 
Pressure of concrete on forms is partly 
a function of the pore water pressure 
in the fresh concrete. (2) Watertight- 
ness of the forms markedly effects the 
pore water pressure. Leaky forms per- 
mit the pore water to escape, resulting 
in a total pressure considerably less 
than with impermeable forms. (3) The 
tests indicated that adding an air-en- 
training agent might reduce the pore 
water pressure considerably. (4) Pore 
water pressure in vibrated concrete is 
relatively high and may equal the 
weight of the concrete, i.e., vibrated, 
fresh concrete may act as a liquid. 


Fire tests with light, nonbearing ex- 
ternal walls (in Swedish) 


Paut JOHANNESSON, and Gore Larsson, Medde- 
lande 123, Statens Provningsanstalt (Stock- 


holm), 1958 
Reviewed by Marcaret C. Corsin 


Full-scale tests were carried out to 
determine to what extent and in what 
way inflammable material can be used 
for non-load-bearing external walls in 
fireproof buildings. Four different 
types of walls with wood framework 
and external facing of noninflammable 
material served as external walls in a 
three-story test building of lightweight 
concrete. Three types of walls were 
also tested on a laboratory scale. Pho- 
tographs and temperature charts show 
fire progress and appearance of wall 
during and after the fire. The tests 
showed that flames spreading through 
windows can reach an intensity such 
that the wood framework in the story 
above the origin of the fire is ignited, 
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regardless of how the joints at the 
floor slabs are designed. The fire then 
spreads slowly inside the wall and can 
be checked at the floor slabs above, if 
the joints are suitably designed it is 
not necessary to lead the floor slab 
right through the wall. As a result of 
these tests, behavior during fire can 
be predicted for similar wall types. In 
doubtful cases, however, laboratory 
tests should be carried out on a re- 
duced scale. 


Fire research, some results of in- 
vestigations (in Swedish) 
Mose Bercstrom, Paut JOHANNESSON, and GOTE 
Larsson, Meddelande 122, Statens Provning- 
sanstalt (Stockholm), 1957, 64 pp. 

Reviewed by Marcaret C. Corsin 

A brief account of earlier papers on 
fire research published by the Swedish 
Testing Laboratory (Statens Provning- 
sanstalt) is followed by reports on 
work carried out mainly between 1947 
and 1950. Of these, three reports deal- 
ing with concrete are: 

1. Investigations concerning the du- 
ration and intensity of fires in brick or 
concrete dwelling houses, in which a 
test house with lightweight concrete 
walls and two-way reinforced concrete 
slab was tested with time-temperature 
curves up to 1100C agreeing essential- 
ly with the international standard 
time-temperature curves. 

2. Fire tests on concrete joists, in 
which four single-reinforced solid con- 
crete joists with span of 5 m were 
placed over a test furnace and the tem- 
perature raised to 500°C, in accordance 
with the standard time-temperature 
curve for fire tests. The thickness of 
concrete cover had an important effect 
on deflection. 

3. Studies of different time-temper- 
ature curves for testing of fire-resistant 
and fire-protective internal linings. 


Beam-and-slab holds up easily 


Engineering News-Record, V. 
Sept. 17, 1959, p. 155 


Reports on an AASHO Type III pre- 
stressed beam tested to failure as a 
composite member. The beam was 67 ft 


163, No. 12, 
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4 7/8 in. long, with a 7 in. deep, 6 ft 
wide slab cast on the girder to simu- 
late composite action of a cast-in-place 
deck. Slab width and tendon patterns 
were determined for optimum use of 
concrete with a graphical method. Con- 
crete strength was about 6500 psi. Pre- 
stressing was accomplished with 36 pre- 
tensioned strands and one _ post-ten- 
sioned cable. Beam met U. S. Bureau of 
Public Roads criteria with ease. 


General 


Engineering problems in recent river 
valley projects in India 


KANURL LAKSHMAN Rac if 


tion of Civil Engineers (London) 
1957-58) Sept 


1958, pp. 1-39 


Reviewed by 


Interesting survey of India’s water 
projects — weirs, barrages, dams; hy- 
droelectric projects; canals —some of 
the problems encountered and the so- 
lutions adopted. 


Irrigation and power generation in 
the new India (Bewasserung und 
Kraftgewinnung im neuen Indien) 
Bauingenieur (Berlin), \ 


1958, pp. 388-394 


Reviewed by Aron L. Mirsky 


DD. Brenske, Der 
No. 16, Oct 


Concerns primarily the projects of 
the Damodar Valley Corp., which, in 
addition to power generation and sim- 
ilar purposes, include such TVA-like 
goals as the reclamation of eroded 
areas and malaria control. 


Some considerations of the past and 
the future of reinforced concrete 


Griutio Pizettr, Journal, Boston Society of 
Civil Engineers, V. 45, No. 2, Apr. 1958, pp 
151-160 
Reviewed by Aron L. Mirsky 
An interesting exposition of the 
structural use of concrete, from its in- 
itial conception as a form-resisting 
rather than mass-resisting material, to 
the second stage as a material replacing 
other structural materials but designed 
in their likeness, to the growing under- 
standing of concrete as a spatial mate- 
rial. 
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Supplement to list of publications 
of the U. S. Army Engineer Water- 
ways Experiment Station 
U. S. Army Engineer Waterways Experiment 
— Vicksburg, Miss., Jan. 1959, pp. 18a- 
Supplement to list of January, 1958, 
lists reports of Beach Erosion Board, 
Bonneville Hydraulic Laboratory, Los 
Angeles District Hydraulic Laboratory, 
and Waterways Experiment Station. 
Reports are subdivided under six top- 
hydraulics, soil mechanics, flexi- 
ble pavements, concrete, miscellaneous, 
and reports published and distributed 
by Waterways Experiment Station for 
other agencies. 


1cs: 


English-Spanish comprehensive tech- 
nical dictionary—Section II 


Lewis L. Sett, McGraw-Hill Book Co., 
York, 1959, 1088 pp., $35 


New 


An imposing work which should be 
a valuable aid to the technical trans- 
lator from English to Spanish. Author 
has attempted to fulfill the scope im- 
plied in the title with laudable success. 
However, it appears to be less up to the 
minute in the concrete field than in 
some other coverages. For example, 
one does not find any reference to pre- 
stressed concrete. Nevertheless, the 
work is a significant contribution to 
international lexicography. 

The dictionary contains over 400,000 
of the latest technical terms and ex- 
pressions in English and Spanish. It 
covers such fields as atomic and nu- 
clear engineering; industrial electron- 
ics; automation; analog and digital 
computers; data processing; business 
machines; microwaves; telecommuni- 
cation; telegraph; telephone; facsimile; 
guided missiles, rocketry; artificial sat- 
ellites; space travel; professional and 
color photography; color television; jet 
aircraft; radio, motion picture, and 
television studio and station equip- 
ment; hi-fi; tape recorders; testing and 
measuring instruments; mining; radia- 
tion and scintillation counters; electro- 
acoustics; radio chemicals; plastics; tex- 
tiles; radar; and more. 
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Expansion continues 


Membership passes 
10,000 mark 


An important and long-awaited milestone was 
reached in the past month, the recording on the 
Institute rolls of over 10,000 members. As the 
ACI membership continues to grow, close to 
400 members were added to the roster in the 
last 12 months, it now appears that the goal just 
reached is nowhere near the potential. 

ACI memberships span the continents. The 
distinction of being the 10,000th Institute mem- 
ber is accorded to Roy A. Hamilton, engaged as 
an engineer with the Public Work Department, 
Wellington Dam in Australia. To Mr. Hamilton 
the rest of the membership extends a warm 
welcome and the wish for a long and mutually 
beneficial association. 


Increased activity 

Factors contributing to increasing Institute 
prestige revolve around 51 technical committees, 
increased JOURNAL publication schedule, and 
more meetings on a local level; each dependent 
on the activity and enthusiasm of individual 
members and each benefited by the increasing 
interest in Institute activity. 

Most productive sources of new members has 
been the formation of local chapters and the 
efforts of individual ACI members. Three local 
chapters are now in full operation: Southern 
California, Northern California, and Oklahoma. 
Formation of similar chapters in Arizona, Michi- 
gan, New Jersey, and New Mexico is being 
considered by members in those areas. 


1 





JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


Robert P. Witt, instructor of civil en- 
gineering, Oklahoma A & M College, 
Stillwater, heads up the current Honor 
Roll in having obtained 21 new mem- 
bers for the Institute since the begin- 
ning of the year. The Honor Roll ap- 
pears on page 26. 

The increase in membership over the 
past 20 from 1585 members to 
over 10,000 amply indicates significant 
recognition of ACI’s intrinsic value to 
the concrete field. 


Meet the 10,000th member 


Roy A. Hamilton of Wellington Dam, 
Western Australia, officially became 
the 10,000th member of the Institute on 
October 1 marking 
in ACI history. 


years 


another milestone 
Mr. Hamilton obtained the degree of 
Bachelor of Engineering from the Uni- 
*? versity of Western 
Australia. On grad- 

uating from the 

university he ac- 

cepted an appoint- 

ment with the Pub- 

lic Works Depart- 

ment of Western 

Australia, stationed 

in the remote north- 

west areas of the 

district 
engineer on construction of town water 
supplies, buildings, and harbor works 


ROY A. HAMILTON 


state as a 


In 1956 Mr. Hamilton was appointed 
resident 
Dam 


crete dam of 


engineer at the 
site. This con- 
some 80,000 cu yd, with 
a small hydroelectric station, and outlet 


Wellington 
construction 


iS a 


works. The job calls for completion by 
1960. 

A note from Mr. Hamilton points out 
that he had access to the ACI 
JOURNAL, that a amount of 
work out on the 
Wellington Dam project has been based 
on ACI 

Mr. Hamilton’s membership was pro- 
W. S. Shelton, Public Works 
Department of Western Australia. 


early 


has 
and great 
the concrete carried 
standards 


posed by 
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ACI technical committee 
appointments 

Listed below are committee members 
who have recently accepted appoint- 
ment to ACI technical committees. In- 
cluded are new appointments only. 


Committee 213, Properties of Lightweight 
Aggregates and Lightweight Aggregate Con- 
crete 

Edwin L. Saxer 

University of Toledo 

Toledo, Ohio 


Committee 318, Standard Building Code 
Edward Cohen 
Ammann and Whitney 
New York, N. Y. 


T. Y. Lin 
University of California 
Berkeley, Calif 


Committee 717, in Low-Pressure 


Steam Curing 
Frank Smigelski 
Besser Co. 
Alpena, Mich. 


Practice 


Michigan ACI members 
hold fourth meeting 

On October 14 
Michigan ACI members and guests met 
for the fourth luncheon meeting of the 
group in Detroit 


approximately 60 


William Krell of the Portland Ce- 
ment Association, Detroit, acted as pro- 
gram chairman and introduced Alfred 
Zweig, structural engineer of 
Albert Kahn Associated Architects and 
Engineers, Inc., Detroit. 


senior 


Mr. Zweig gave a talk on flat slab 
design, discussing primarily formula 10 
in Chapter 10 of the ACI Building Code 
(ACI 318-56), Flat Slabs with Square 
or Rectangular Panels. Mr. Zweig dis- 
cussed some of the history behind the 
development of the formula, meaning 
of the 
ered, suggestions for possible revisions 
of this 
periences encountered in design 


constants, factors to be consid- 


section of the code, and ex- 
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NEW YORK NEW YORK! 


, 


New York Convention and Visitor’s Bureau 


That hustlin’ town opens its arms to the 56th annual ACI conven- 
tion March 14-17. Plan now to join us in the mecca of business and 
pleasure, the most popular city in the world, where nothing small 
can happen. Let's show it we’re equal to the challenge. 


TAC puts final okay on ‘60 
convention technical program 

The technical program for the 56th 
annual ACI meeting in New York City, 
March 14-17, at the Commodore Hotel, 
met the approval of the Technical 
Activities Committee at their meeting, 
November 2, in Mexico City during the 
12th ACI regional meeting. Approxi- 
mately 30 papers will be presented at 
eight concrete 
authorities. 


sessions by eminent 
Monday, March 14, and Tuesday 
morning, March 15, will be devoted to 
meetings of ACI technical committees 
to review current work and aims. Most 
of these meetings will be open to all 
convention The 
program gets under way Tuesday after- 
noon with a general 
Concurrent sessions are scheduled for 
all day Wednesday, Thursday 
morning. Thursday afternoon will fea- 
ture the annual research session with 
progress reports of tests on concrete 
at institutions throughout the world. 


registrants technical 


business session 


and 


The first general session Tuesday af- 
ternoon will include reports from ACI 
technical committees on formwork for 
concrete, and tension, 


shear diagonal 


slab-on- 
ground construction, specifications for 
structural 
of concrete. 


recommended practice for 


concrete, and consolidation 
Concurrent sessions Wednesday morn- 
ing will deal with tests 
highways. The session on model te 
will reveal structural 
evaluate behavior of 
Glen Canyon Dam model 
tests; thin-shell structural models; and 
testing rigid 
ultimate load. The 
will be devoted to the 
entrained concrete afte 
tinuous placement of 
three-span continuous units of 
ner expressway; the AASHO road test, 
a background report; and gravel bene- 
ficiation in Michigan 


The Wednesday 
will feature 


model and 


how models 
concrete beams: 
structural 
model to 


frame bridge 


highway session 
Status of air- 
20 years; con- 
concrete on 


3ruck- 


afternoon session 
design as 


The 


sion on materials will deal with freeze- 


materials and 


well as structural research 


ses- 
thaw resistance of concrete made with 
lightweight aggregates; 
mum size of coarse aggregate 


effect of maxi- 
on prop- 
erties of concrete; effects of incomplete 
consolidation on pulse velocity, modu- 


lus of elasticity, compressive and 





4 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


flexural strength of concrete; and blast 
furnace slag cement. The design and 
structural research session will fea- 
ture ultimate strength design; effect 
of draped reinforcement on behavior 
of prestressed concrete beams; high 
strength reinforcement in concrete 
structures; and shrinkage and creep of 
concrete. 


Restoration symposium 


Thursday morning will include a 
symposium on restoration of deteriorat- 
ed concrete under the direction of ACI 
Committee 201, Durability of Concrete; 
and a design and construction session. 
The symposium on restoration of de- 
teriorated concrete will include: con- 
ventional methods of repairing con- 
crete; repair of concrete pavements; 
the prepacked concrete method; use of 
epoxy adhesives; and pneumatically 
applied mortar. The session on design 
and construction will cover the $19 
million precast and prestressed pier for 
New York City; effect of strength of 
slab concrete on column strength; weld- 
ing of reinforcing steel between pre- 
cast concrete units; and shear strength 
of restrained concrete beams without 
web reinforcement. 


Annual research session 


The annual research session will fol- 
low on Thursday afternoon. As in pre- 
vious years, this session will feature 
reports of research projects which have 
not reached a stage warranting final 
reports. Details of the reports pre- 
sented will not be published. 

The technical program is geared to 
the interests of the designer, builder, 
research man, and others in fields re- 
lated to the concrete industry. 

Roger H. Corbetta, president of Cor- 
betta Construction Co., New York City, 
is general chairman of the local com- 
mittee which is arranging an exhibit to 
be held in conjunction with the con- 
vention, a ladies program, and a num- 
ber of “extras” to make the 56th an- 
nual meeting thoroughly enjoyable as 
well as profitable. 
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Yugoslav group inspects 
ACI headquarters building 


Among the most recent visitors to 
ACI headquarters was a group of 15 
visiting dignitaries from various parts 
of Yugoslavia on a tour sponsored by 
the U.S. Housing and Home Finance 
Agency. The delegation is on tour to 
study American building techniques 
and materials. Boris Bakrac, vice- 
mayor of Zagreb, and Danilo Furst, a 
top architect from Ljulbjana, were in 
the group. 

Other visitors to the headquarters 
during the month of October include 
12 engineers from Mexico City, archi- 
tects from Buenos Aires and Caracas, 
and a number of persons from Ohio, 
Michigan, Texas, and Washington, D. C. 


Lewis appointed to joint 
committee on corrosion 


D. W. Lewis, chief engineer, Na- 
tional Slag Association, was appointed 
ACI liaison member with the joint 
committee on corrosion consisting of 
representatives of the Autoclave Build- 
ing Products Association, National Slag 
Association, Portland Cement Associa- 
tion and the National Concrete Prod- 
ucts Association of Canada; John K. 
Selden, technical director, ABPA, is 
chairman of the committee. 


Construction outlook — 
$55 billion for 1960 


United States construction expendi- 


tures will reach a record total of 
more than $55 billion in 1960 according 
to Architectural Forum, professional 
building magazine. 1960 will be the 
16th consecutive year in which build- 
ing activity has expanded. 

Private construction is expected to 
gain more in 1960 than publicly fi- 
nanced construction, reversing a recent 
trend. This trend saw public construc- 
tion increase eightfold from 1946 to a 
projected $16.4 billion in 1960; private 
construction only fourfold to $39.3 bil- 
lion. 
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NO WINTER SLOW-DOWN HERE 


COLUMBIA CALCIUM CHLORIDE gives high early strength days faster 
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The American Concrete Institute now recon:mends 
the addition of calcium chloride for cold weather 
concreting. (ACI Standard “Recommended Practice 
for Winter Concreting.”’) These benefits have been 
proved, on jobsite after jobsite: initial and final set 
achieved up to three times faster, quicker early enacien enadeuen 
strength, greater ultimate strength. Finishing goes CHLORIDE CHLORIDE 
faster, forms can be pulled days earlier, contractor .. 
profit increases. 


Let our Columbia Calcium Chloride engineers help Columbia Calcium Chloride is avail- 
7 able in both High Test Flake (94- 














you save money on your concrete work this season. 97% CaCl2 content) and Regular 
For their assistance, just write today to Calcium Flake (77-80% CaCi2). One 80 Ib. 
Chloride Department at our Pittsburgh address, or 29 of High Test delivers the same 

. : results as one 100 Ib. bag of Regu- 
to any of our fourteen conveniently located District lar. Both add easily at suppliers’ 
Sales Offices. plants or right at the jobsite. 


COLUMBIA-SOUTHERN CHEMICAL CORPORATION 

A Subsidiary of Pittsburgh Plate Glass Company 

One Gateway Center, Pittsburgh 22, Pennsylvania 

DISTRICT OFFICES Cincinnati, Charlotte, Chicago, Cleveland, Boston, 


New York, St. Louis, Minneapolis, New Orleans, Dallas, Houston, Pittsburgh, 
Philadelphia, San Francisco IN CANADA Standard Chemical Limited 
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INCHES SAVE THOUSANDS 
with A-M Precast Concrete Products 


Case History #3 


TWIN-54’ 
LO-HED AT 
SCARSDALE, N.Y. 


LO-HED 
CUTS CULVERT COSTS 3 WAYS 


© INITIAL COST~— two Lo-Hed culverts carry more water than 


three round pipe lines of the same height — putting every square inch to 


best possible use 


© CONSTRUCTION COST —two Lo-Hed culverts require less 


excavation, handling and jointing than three or four round pipe lines 


© MAINTENANCE COSTS —two Lo-Hed culverts, each with 


larger unobstructed area, pass more debris, giving yearly bonuses in 
reduced maintenance. 


Aa AMERICAN-MARIETTA COMPANY 


CONCRETE PRODUCTS DIVISION 
GENERAL OFFICES: 
AMERICAN-MARIETTA BUILDING 
101 EAST OMTARIO STREET, CHICAGO 11, ILLINOIS, PHONE: WHITEHALL 4-Se00 
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Positions and Projects 





Yamasaki honored by 
AIA Detroit Chapter 


Minoru Yamasaki of Birmingham, 
Mich., was awarded the 1959 gold med- 
al of the Detroit Chapter, American 
Institute of Architects, at its annual 
meeting in October. 

Presentation was made in behalf of 
his distinguished career and creative 
accomplishments in the field of archi- 
tecture and his unselfish devotion to 
his fellow men. 

In the past few years Mr. Yamasaki’s 
philosophy and expression of design 
have won numerous awards and he is 
now recognized as one of America’s 
most imaginative architects. 

The ACI headquarters building was 
an award winner for Mr. Yamasaki, 
taking the top award in the commerce 
division in 1957 Progressive Architec- 
ture composition. 

Mr. Yamasaki carries on his work as 
the principal in the firm of Minoru 
Yamasaki and Associates, Birmingham, 
Mich. 


ASTM conducts Third Pacific 
Area National Meeting 


Some 2000 engineers, 
executives from industry, government 
and educational institutions attended 
the ASTM Third Pacific Area National 
Meeting, October 14-18, at the Shera- 
ton-Palace Hotel, San Francisco. 

The five-day meeting was devoted 
almost entirely to the presentation of 
technical Symposia, papers and reports 
relating to research on engineering ma- 
terials and standards for materials of 
practically all kinds for both defense 
and civilian use. 

ACI member Felix Candela, noted 
architect of Mexico City, spoke before 
the Cement and Concrete Industry 
luncheon, October 15, on “The Moment 
of Truth—Adventures in Full Scale 
Shell Tests.” 


scientists and 


Dean Kerekes awarded Army 


citation for civilian service 

Past president Frank Kerekes, dean 
of the faculty, Michigan College of 
Mines and Technology, Houghton, has 
been awarded the Department of the 
Army certificate of appreciation for 
patriotic civilian service. 

The citation to Dean Kerekes reads 
in part: “For outstanding service to 
the United States Army during peace- 
time, and for contributing to the suc- 
cessful accomplishment of the Army’s 
mission. Throughout the period 1920- 
58, Dean Kerekes has contributed gen- 
erously of his talents, influence and 
energy in promoting and supporting the 
Army’s ROTC and other military edu- 
cational programs.” 

Dean Kerekes has devoted his life 
to education and engineering. He 
served 34 years on the civil engineering 
faculty at Iowa State College, Ames, 
and advanced to assistant dean of en- 
gineering before taking over his pres- 
ent role at Michigan College of Mining 
and Technology. 

Many honors have been bestowed on 
Dean Kerekes. He has authored text 
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books and articles on education and 
civil engineering and has contributed 
frequently to the ACI JOURNAL. 

An ACI member since 1938 Dean 
Kerekes has served the Institute in 
many capacities: president, 1956, vice- 
president, 1954-55; director, 1951-53; 
Building Committee 1956-59; Technical 
Activities Committee, 1948-50; Stand- 
ards Committee, chairman, 1957-58; and 
Committee 318, Standard Building 
Code, of which he was chairman, 1950- 
56, and is currently a member. 


Parme receives ASCE 
Moisseiff award 


Alfred L. Parme, manager of the 
Structural and Railways Bureau of the 
Portland Cement Association, is the re- 
cipient of the Leon S. Moisseiff award 
for his paper “Shells of Double Curva- 
ture.” A medal and appropriate certi- 
ficate were presented to Mr. Parme at 
the annual convention of ASCE in Oc- 
tober at Washington, D. C. 

A 1935 civil engineering graduate of 
Cornell University, Mr. Parme has been 
with the Portland Cement Association 
most of the time since 1940. During 
World War II he was senior stress 
analyst for Republic Aviation, and in 
1952 was on leave of absence as con- 
sulting engineer for Ebasco Services on 
the design of Kamishiiba Dam, the first 
arch dam to be built in Japan. 

A structural engineering authority, 
he was awarded the Fuertes Graduate 
Medal by Cornell University in 1953 
for his work on ASCE Manual No. 31 
on “Design of Cylindrical Concrete 
Shell Roofs.” 

Author of a number of ACI JOURNAL 
papers, Mr. Parme has contributed to 
the development of valuable data in 
the design of storage tanks, rigid frame 
bridges, arch dams, shells, and on the 
ultimate strength theory of design. 
Active in ACI technical committee work 
he is currently secretary of Committee 
334, Concrete Shell Structures; a mem- 
ber of Committee 314, Rigid Frame 
Bridges, and Committee 340, Ultimate 
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Strength Design Handbook; and joint 
ACI-ASCE Committee 326, Shear and 
Diagonal Tension, and Committee 328, 
Limit Design. 


Hinds and Masters named 
ASCE honorary members 


Two ACI members were among the 
five newly appointed ASCE honorary 
members. 

Julian Hinds, consulting engineer of 
Santa Paula, Calif., is renown through- 
out the west for his achievements in 
irrigation, reclamation, and water sup- 
ply work, particularly the development 
of Southern California’s Colorado River 
supply. 

Mr. Hinds is the author of numerous 
technical articles on hydraulic design 
and several awards have been present- 
ed him during his engineering career. 

Frank M. Masters is widely known as 
a consulting engineer and as a builder 
of some of the country’s most notable 
bridges. He is senior partner in the 
consulting firm Modjeski and Masters, 
which has its main office in Harrisburg, 
Pa., and other offices in Philadelphia 
and New Orleans. 

Dr. Masters has made numerous in- 
vestigations, studies, and reports on the 
design of heavy foundations, docks, 
buildings, and wharves. He has also 
had an important part in investigations 
of the aerodynamic stability of long- 
span suspension bridges conducted by 
a commitiee of the U. S. Bureau of 
Public Roads. 


Steinman receives 
ASCE Howard award 


The ASCE Ernst E. Howard award is 
the latest of a long list of honors con- 


ferred on David B. Steinman, 
nationally famous engineer. Presenta- 
tion was made at the recent annual 
ASCE meeting in Washington, D. C. 
Known and honored the world over 
as the designer and builder of beautiful 
bridges, Dr. Steinman is currently cited 
“for his signal contribution towards the 
advancement of bridge analysis and de- 


inter- 
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sign, to the theory of the suspension 
bridge and its aerodynamic stability, 
and specially for his outstanding work 
in the design of the Mackinac bridge.” 
The Mackinac bridge is the ninth Stein- 
man bridge honored in the annual 
artistic bridge awards. 

Author of over 750 published works, 
Dr. Steinman has received four other 
ASCE awards for his papers, including 
the Norman medal in 1923 and 1951. 


Annual Plant Maintenance and 
Engineering Show, January 25-28 


The 11th annual Plant Maintenance 
and Engineering Conference will be 
held concurrently with the Piant Main- 
tenance and Engineering Show at Con- 
vention Hall, Philadelphia; the show 
from January 25-28 and the conference 
from January 25-27. 

The show is exvected to be the lar- 
gest in the group’s history with five 
acres of exhibit space devoted to the 


The QUICKEST way 
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products and services of more than 400 
companies. 

The conference will feature a broad- 
ly revised program to meet the chang- 
ing needs of industry as it progresses 
toward more automatic production dur- 
ing the 1960s. 


Nicholson appointed to top 
post at materials firm 


J. A. Nicholson, founder of Nicholson 
Concrete Co., Toledo, Ohio, has become 
president of Toledo Plaster and Supply 
Co. The latter firm is taking over 
operation of Penn Sand Co., a wholly 
owned subsidiary of Nicholson Con- 
crete. 

Harry H. Hansen has moved up to 
the vost of chairman of the board from 
the presidency of Toledo Plaster. 

Mr. Nicholson is a past president of 
Ohio Ready Mix Concrete Association 
and is a director of National Ready 
Mixed Concrete Association. 


REINFORCED CONCRETE DESIGNS 


Revised 1959 . 


447 pages 
over 75,000 
copies . 
in use 


10 Day Money 
Back Guarantee 
NO C.0.D. ORDERS 


00 


POSTPAID 


. . Second Edition! 


Third Printing! 


This valuable handbook provides 
Reinforced Concrete Designs 
worked out to the latest A.C.I. 
Building Code. Send check or 
money order today for 1959 copy. 


Prepared by the Committee 
on Engineering Practice 


CONCRETE REINFORCING STEEL INSTITUTE 
38 S. Dearborn St. (Div. J), Chicago 3, Illinois 
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HE “JET AGE” IS HERE. And with it is 
the problem of re-building airports 
to provide the longer, stronger, heavier 
runways these big jets need. That’s why 
airport builders and designers are plan- 
ning thicker, stronger airfield pave- 
ments with extra-heavy reinforcement 
... pavements that will match or exceed 
present jet requirements. And that’s 
why the heaviest welded wire fabric 
ever produced was installed at the vital 
Kinross Air Force Base in Michigan. 
Operational jets in commercial service 
now impose gear loadings in the neigh- 
borhood of 130,000 lbs., with gross 
weights of 295,000 lbs. Future models 
may go even higher. For that reason, 
only reinforced concrete provides the 
added strength to meet the unusually 
heavy and severe requirements of the 
“jet age.” Specify USS American 
Welded Wire Fabric for reinforcing all 
runways, high speed turnoffs, taxiways, 
and service pads . . . get these important 
advantages: 
* USS American Welded Wire Fabric 
distributes heavy wheel loadings over 
a larger area to prevent harmful over- 
loads at any one point. Impact, shock, 
suddenly applied or released loads 
such as occur during landings and 
take-offs are more uniformly “ab- 


American Steel & Wire 
Division of 
United States Steel 


Columbia-Geneva Stee! Division, San Francisco, Pacific Coast Distributors 
Tennessee Coal & tron Division, Fairfield, Alabama, Southern Distributors 
United States Stee! Export Company, Distributors Abroad 
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At Kinross Air Force Base... 


World’s heaviest 


sorbed” by each slab. Reinforced con- 
crete slabs are 30% stronger than un- 
reinforced slabs of equal thickness. 
USS American Welded Wire Fabric 
prevents harmfu! cracking from de- 
veloping because of its uniformly 
spaced high-tensile-strength welded 
steel wire construction. Its action 
“knits” a slab together. 
USS American Welded Wire Fabric 
unifies the action of any slab when it 
expands and contracts due to tem- 
perature change. 
Longer, wider slabs can be laid when 
USS American Welded Wire Fabric 
is used. This means fewer joints, 
fewer load transfer assemblies. The 
reduction in the number of joints not 
only means economy, but also a 
smoother, safer landing surface. 
When existing airfield pavements 
must be strengthened, USS Ameri- 
can Welded Wire Fabric reinforced 
concrete overlays will produce un- 
broken grade lines and provide addi- 
tional strength. Thus, maximum 
economy is achieved. 
Specify USS American Welded Wire 
Fabric. It’s available in a wide variety 
of styles, lengths, and widths. . . in wire 
sizes from 14” diameter to 16 ga. and in 
longitudinal or transverse wire inter- 
vals of 2” to 16”. The engineers at 
American Steel & Wire will be glad to 
tell you more about the application 
possibilities of fabric and how it can 
serve your needs. Get in touch with 
American Steel & Wire, Dept. 9362,614 
Superior Avenue, N.W., Cleveland 13, 
Ohio. 
USS and American are registered trademarks 
Contractor: Loselle Construction, Inc., Wyandotte, Michigan 


Paving Materia! Supplier: Scioto Supply Company, Lansing, Michigan 
Design and Supervision: Corps of Engineers, U. S. Army 


At Kinross Air Force Base, workmen are installing a section 
of USS American Welded Wire Fabric—Style 55-7/07/0 
(7/0 Gauge is 0.490" Diameter Wires). USS American 
Welded Wire Fabric is entirely fabricated by electrically 
welding all intersections of the high strength steel wires. 
This insures positive placement of the steel in the slab and 
eliminates costly field tying and extra handling, 
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Welded Wire Fabric 
helps the big jets land safely ! 





=~ + VALUE 
= = CONCRETE 


Under the direction of the U. S. Corps of Engineers, another new United States Air Force Base is made ready to join our air 
defense network. It is Kinross, located on the upper Peninsula of Michigan. This base was expanded to handle bigger, heavier 
modern jet aircraft. USS American Welded Wire Fabric was used in the rigid overlays on the strengthened and lengthened runways 


ss) American Welded Wire Fabric 
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Construction Battalion Center 
announces current openings 


Recent recruitment announcements 
from the U. S. Naval Construction 
Battalion Center, Port Hueneme, Calif., 
list three positions open at the Center. 

College professor (general) $8330 
per year, to instruct Civil Engineering 
Corps officers in the administration of 
construction contracts; also in other 
areas of BUDOCK responsibilities such 
as public works management, naval 
construction forces, passive defense, 
and engineering management. Appli- 
cants must have had experience of suf- 
ficient scope to be able to instruct in 
the areas noted above. 

Positions are also open for a struc- 
tural engineer and a mechanical engi- 
neer, both $7510 per year. In addition 
to an engineering degree from an ac- 
credited university, applicant must pos- 
sess at least 3 years professional en- 
gineering experience, 1 year of which 
must have been specialized. 

Forward application Standard Form 
57 to Code 12C11, Placment Section, 
Industrial Relations Office, U. S. Naval 
Construction Battalion Center, Port 
Hueneme, Calif. 


Frenklin Institute awards medal 
posthumously to Hardy Cross 


The Franklin Institute recently 
awarded a Frank P. Brown medal post- 
humously to Hardy Cross, a Yale col- 
lege professor, whose original moment 
distribution method revolutionized de- 
sign procedures for reinforced concrete 
structures. 

The medal citation to Professor Cross, 
who died in February, reads: “For his 
outstanding career as a teacher, es- 
pecially of engineering students during 
the past 50 years at Hampden-Sydney 
College, Brown University, the Univer- 
sity of Illinois, and Yale University; for 
his many contributions to professional 
publications during this time; and 
finally, for his original and later sup- 
plementary papers on the moment dis- 
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tribution method of analyzing indeter- 
minate structures.” 

Among the honors Professor Cross 
received during his lifetime were: The 
Norman Medal from ASCE in 1933, 
Wason Medal from ACI in 1936, Lam- 
me Medal from the American Institute 
of Consulting Engineers in 1944, and 
the Gold Medal from the British In- 
stitute of Structural Engineers, which 
has been given only three times in 35 
years. Professor Cross joined ACI in 
1924, and was an Honorary Member of 
the Institute. 


Lone Star announces expansion 
program for Norfolk plant 


A $6.5 million expansion of the Nor- 
folk plant of the Lone Star Cement 
Corp. has been authorized by the firm’s 
board of directors according to an an- 
nouncement by H. A. Sawyer, president 
of the firm. The expansion program 
includes the addition of a 1-million-bbl 
kiln, increasing the productive capacity 
of the plant to 2.3 million bbl per year. 

In 1958, Lone Star, which operates 15 
plants in the United States and 6 in 
Cuba and South America, completed 
the largest expansion program in its 
history. During the 4-year period, 1955 
through 1958, the corporation invested 
some $82 million to increase its domes- 
tic capacity from 23.2 million barrels 
to 37.1 million, and raise its total po- 
tential in the Western Hemisphere to 
49.1 million bbl. 


Chinn conducts lecture 
series for AISC 

James Chinn, associate professor of 
civil engineering, University of Colora- 
do, Boulder, delivered six lectures this 
fall at the invitation of the American 
Institute of Steel Construction. 

Professor Chinn based his series of 
lectures on the new concept of “Plastic 
Design in Steel Structures.” 

Professor Chinn is a member of ACI 
Committee 208, Bond Stress, and has 
contributed technical papers for publi- 
cation in the ACI JOURNAL. 
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The CFaI Image—symbol of many modern steel products for 
the construction industry — provides CFaI-Clinton Welded Wire Fabric 
for crack-resistant concrete work. A steel skeleton adds tensile strength 
to the concrete, allowing it to cushion the shock imposed by heavy loads. 
As it absorbs the stress, the steel fabric distributes it evenly in all 
directions. Thus, the impact is never concentrated in one area. 


Steel fabric reduces the chances of cracking during setting. As it holds 
the concrete tightly together, it helps eliminate heaving due to extreme 
temperature changes. Should a tiny surface fissure develop, the steel 
fabric acts like a vise, preventing dirt or moisture from expanding 
the crack. 


For complete information about economical, easy-to-install CFalI- 
Clinton Welded Wire Fabric, contact the nearest CFalI office. 


FREE! Send for new 32-page catalog, “CF&I Steel Products for the Construction Industry”. 


CLINTON 


WELDED WIRE FABRIC 
THE COLORADO FUEL AND IRON CORPORATION STEEL 


6963 

In the West: THE COLORADO FUEL AND IRON CORPORATION — Albuquerque * Amarillo * Billings * Boise * Butte 

Denver * El Paso * Farmington (N.M.) * Ft. Worth * Houston * Kansas City © Lincoln * Los Angeles * Oakland 

Oklahoma City * Phoenix * Portland * Pueblo * Salt Lake City * San Francisco * San Leandro + Seattle * Spokane * Wichita 

In the East: WICKWIRE SPENCER STEEL DIVISION — Atlanta + Boston * Buffalo * Chicago * Detroit * New Orleans 
New York * Philadelphia 

CF&I OFFICE IN CANADA: Montrea) « SANADIAN REPRESENTATIVES AT: Calgary * Edmonton * Vancouver * Winnipeg 





POZZOLITH . . . makes good concrete better 


NAVAL AIR TEST FACILITY— Lakehurst Naval Air 
Station, N.J. Construction Agency: Bureau of 
Yards and Docks of the Navy Department. Con- 
structed under the direction of the District Public 
Works Officer, 4th Naval District, Philadelphia, Pa. 


Oficial U. 8. ai peliinels a. 


« Consulting Engineer on Pavements: Louis Berger 
& Associates, Orange, New Jersey « Contractor: 
Roscoe Engineering Corporation & Associates, 
Washington, D.C. « Pavement Sub-Contractor: 
S. J. Groves & Sons Company, Woodbridge, N. J. 


900 psi flexural strength— 
POZZOLITH helps meet this requirement 
at The Naval Air Test Facility 


The Runway Arrested Landing Site of 
the Navy’s recently completed $23,000,000 
test facility required concrete of unusually 
high quality. 

To withstand anticipated stress of jet 
planes simulating aircraft carrier land- 
ings, reinforced concrete having a flexural 
strength of 900 psi was specified. 

Preliminary mix designs— with cement 
factors ranging up to 8'% sacks per cubic 
yard and with the water-cement ratio of 
4.0 gallons per sack—did not provide a 
workable mix with the required high 
flexural strength. 

The following mix was then employed: 
Cement, Type 1—729 Ibs. — (7° sks. 
Sand (SSD 1,000 Ibs. 

C. A.—Trap Rock 
(Houdaille, Ind., Bound Brook, N.J. 
1” —895 Ibs. 1}o7—1342 lbs. 
Water (total) 28 gal. (3.62 gal./sk. 
PozzOLiTH 


This mix was workable and developed 
a flexural strength of 951 psi in 7 days 
and 1114 psi in 28 days. Compressive 
strength averaged 8537 in 28 days. 

Because of these high strengths the 
water-cement ratio was later increased to 
3.75 and the cement factor reduced to 
7% bags. Flexural strength of the revised 
PozZOLITH mix averaged 981 psi in 28 
days. 


For further details on the performance 
of Pozzo.irH on this and other airfield 
projects write to 


The Master Builders Company, Cleveland 3,Ohio 
Division of American-Marietta Company 
The Master Builders Co., Ltd., Toronto 15, Ont. 
International Department, New York 17, N.Y. 

Branch Offices in all principal cities. 


MASTER BUILDERS. 
POZZ70 | 


*POZZOLITH is a registered trademark of The Master Buildcr: Company for its concrete admixture 
tn reduce water and control entrainme it of air and rate af hardening 
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Charles S. Whitney 


Charles S. Whitney, past president of 
the Institute, and a partner in the en- 
gineering firm of Ammann and Whit- 
ney, New York and Milwaukee, died 
October 25 in Paris, France. As presi- 
dent of the American Concrete Insti- 
tute in 1955, Mr. Whitney steered the 
Institute through a year of exceptional 
progress in all phases of work, fore- 
most of which was the first step in pro- 
viding a permanent headquarters for 
the Institute. 

Born in Bradford, Pa., Nov. 4, 1892, 
he studied civil engineering at Cornell 
University receiving his master’s de- 
gree in 1915. Mr. Whitney was inter- 
nationally known for his contributions 
to reinforced concrete design, par- 
ticularly in shell construction and other 
arched structures and in ultimate load 
design. 

Following his graduation from Cor- 
nell University he held positions with 
Gustave Lindenthal, New York, and 
with John Parkinson, architect, Los 
Angeles. After serving in the U. S. 
Army Corps of Engineers during World 
War I, he was chief engineer and 
manager of the Milwaukee office of 
Hool and Johnson, engineering firm. 
Since 1922 Mr. Whitney engaged in 
private practice as a designing and con- 
sulting engineer. In 1941 he became as- 
sociated as a member of Ammann and 
Whitney. 

During the course of his career Mr. 
Whitney specialized city planning, 
design of bridges, 
buildings, sewer and water systems, de- 


in 
and supervision 
fense installations, hangars, 
ways, theaters, hospitals, and churches. 
He fulfilled USAFE, JCA, and NATO 
engineering contracts in France, Greece, 
and Turkey. 

Honors to Mr. Whitney have been 
numerous including the ACI Wason 
Medal for the most meritorious paper 
in 1932, “Plain and Reinforced Concrete 
Arches,” and in 1952 as coauthor of 


express- 
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“Comprehensive 
Numerical Method 
for the Analysis of 
Earthquake Resis- 
tant Structures.” In 
1951 the Institute 
awarded him the 
Alfred E. Lindau 
Award “in recogni- 
tion of his 
contributions to re- 
inforced concrete 
desicen practice.” Other honors bestowed 
on Mr. Whitney include the Fueretes 
Graduate Medal of Cornell University 
twice, and the American Society of 
Civil Engineers J. James Croes Medal 

An ACI member since 1920, Mr. 
Whitney was elected vice-president of 
the Institute in 1953, and was a mem- 
ber of the Board of Direction, 1945-46 
and 1950-52. He served on the Build- 
ing Committee and the Standards 
Committee and has chairmanned a 
number of ACI technical committees. 
At the time of his death, Mr. Whitney 
was chairman of ACI-ASCE Committee 
326, Shear and Diagonal Tension, and 
a member of ACI Committees 214, 
Evaluation of Results of Strength Tests 
of Concrete, 312, Plain and Reinforced 
Concrete Arches, and 318, Standard 
Building Code. He contributed gen- 
erously to Journal pages. 


many 
CHARLES S. WHITNEY 


on 


Mr. Whitney was active in the affairs 
of a number of professional societies 
including AIA and ASCE 


Leap Associates schedule 
2nd annual conference 


will 
conference 
January 


conduct their 
on pre- 
18-19, at 


Leap Associates 
second annual 
stressed concrete, 
Lakeland, Fla. 

Outstanding 
producers, engineers, and salesmen will 
gather for an informal discussion of 
efficient production methods, new 
products and applications, future po- 
tential of prestressed flat slabs, and 
related topics in the prestressed field. 


prestressed concrete 
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Unique New Book! 
Where...and 
How to place 
Reinforcing 
en 








and instructions for placing reinforcing bars, 
welded wire fabric, and their supports, in rein- 
forced concrete structures. 


Now, for the first time, men in the construction 
industry have in one handy, pocket-size book the 
complete story on “how to place reinforcing 
bars.” The new CRSI book—“PLACING RE- 
INFORCING BARS”—contains much valuable 
information and many practical hints not avail- 
able in textbooks. This book clearly tells the man 
actually setting reinforcing bars how to unload, 
handle, and place reinforcing bars, welded wire 
fabric, and their supports; what the bar setter 
should know about the duties of the people and 
trades he meets on a job; also reading plans, 
types of reinforced concrete construction, individ- 
ual concrete members, and why bars are needed 
and where. Priced at $3.00. 


CRSI 
RECOMMENDED PRACTICE 
FOR 
PLACING REINFORCING BARS 
1959 


Concrete Remrorcinc Steet Instiure 
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A Valuabie Aid for APPRENTICE AND JOURNEYMAN BAR 
SETTERS, INSPECTORS, SPECIFICATION WRITERS, DE- 
TAILERS, TEACHERS AND STUDENTS OF ENGINFERING 
CONTAINS USEFUL INFORMATION FOR ARCHITECTS, 
ENGINEERS, AND CONTRACTORS. 


Prepared under the direction of the Engineering Practice Com- 
mittee, Concrete Reinforcing Stee! Institute, by R. C. Reese. 


CONCRETE REINFORCING STEEL INSTITUTE 
38 South Dearborn Street, Chicogo 3, Iilinois 


lam enclosing $3.00. Please send me o copy of “CRSI Recommended 
Practice for Placing Reinforcing Bors.” If not completely setistied, 
1 will return the book within 10 doys for full refund. (Ne €.0.D, 
orders accepted.) 
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LONG SPAIN 


voided Concrete Slabs form Bridge Deck 
‘ : bl ‘ SS 


‘ 


Voids formed with 


SONOVOID 
a ” = .™ 


FIBRE TUBES 


reduce slab weight 


® 


The voided system of concrete construction per- 
mits the design of long spans, lighter weight slabs 
without impairing structural strength. 


In the highway bridge illustrated, end spans are 
46 feet, and the center spans 56 feet; SoNovoip 
Fibre Tubes, 15.7” O.D., were used to form voids 
in the 24%” thick deck slab. 


Seamless SONoTUBE Fibre Forms were also used 

those of 24” I.D. formed round concrete 
columns for the abutments and others of 30” 
I.D. formed the columns in each bent. 


Sonoco SonovorD Fibre Tubes are specifically de- 
sfgned for use in concrete floor and roof slabs, 
bridge decks, lift slabs, and precast, prestressed 
concrete piles. 


Order Sonovoip Fibre Tubes in required lengths 
or standard 18’ shipping lengths . . . sizes avail- 
able from 2.25” to 36.9" 0.D. (can be sawed). 
End closures available, 


New Highway 67 Bridge, Flat 
River, Mo. Contractor: Clark 
Construction Co., Engineers 
Missouri Highway Department 
John Williams, Bridge Engineer, 
Jim Pasley, Ass't Bridge Engineer 


Steel strapping used as ftie- 
down for SONOVOID Fibre 
Tubes on this job 


See our catalog in Sweet's 


For complete information and prices, write 


SONOCO PRODUCTS COMPANY 


443 
@ HARTSVILLE, S.C. 


@ LA PUENTE, CALIF @ LONGVIEW, TEXAS 
@ FREMONT, CALIF. @ MEXICO, D.F. 
@ MONTCLAIR, NJ. @ ATLANTA, GA. 
@ AKRON, INDIANA @ BRANTFORD. ONT, 





NCMA staff changes 


The appointment of Henry T. Toen- 
nies to assistant director of engineering 
of the National Concrete Masonary As- 
sociation has been announced by Wal- 
ter W. Underwood, executive director 
of the Association. In his new position, 
Mr. Toennies will have contacts with 
federal agencies and the supervisory 
activities of NCMA’s new research lab- 
oratory in Washington, D. C. 

R. E. Copeland, director of engineer- 
ing, will divide his time between Wash- 
ington, D. C., and Chicago, where office 
space is being retained temporarily. 


Miron and Freres plant 
nears completion 


Construction of a large cement manu- 
facturing plant in Montreal, Canada, 
which has been under way for some 
time by Miron and Freres, Ltd., is re- 
portedly nearing completion. The Mi- 
ron group of concrete products and 
construction firms is expected to con- 
sume one-third of the cement output 
of the plant. 

The cost of the new facility is about 
$30 million and its capacity approxi- 
mately 4 million bbl annually. 


AGC announce ‘60 nominations 
John A. Volpe, former Federal High- 


way Administrator, and president of 
the John A. Volpe Construction Co., 
Malden, Mass., has been nominated for 
president of the General 
Contractors of America in 1960. M. 
Clare Miller, head of the San Ore Con- 
struction Co., McPherson, Kan., re- 
ceived the nomination for AGC vice- 
president. Official vote by the mem- 
bership will be conducted by mail bal- 
lot in December with installation of 
the officers taking place at the 4lst an- 
nual AGC convention in San Francisco 
in March. 

Mr. Volpe been active for a 
number of years in AGC chapter and 
national He is past president 


Associated 


has 


affairs. 
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of the AGC of Massachusetts, and has 
served on many national committees 
and the AGC boards. 

Mr. Miller has also been active 
AGC affairs for many years. He is a 
former chairman of the AGC Highway 
Contractors’ Division, and is now 
chairman of the national joint coopera- 
tive committee of the AGC and the 
American Association of State Highway 
Officials. He has served three terms as 
president of the Kansas Contractors’ 
Association, an AGC chapter. 


in 


co- 


Personnel changes announced 
in PCA Housing Bureau 


George Hugh Tsuruoka has been ap- 
pointed manager of the Housing and 
Cement Products Bureau of the Port- 
land Cement Association effective Oc- 
tober 1. He succeeds S. H. Westby who 
was named technical advisor the 
bureau, effective the same date. 

Mr. Tsuruoka comes to PCA from 
Street and Smith Publications, where 
he held the positions of architecture and 
design editor for the magazine Living 
for Young Homemakers, and building 
co-ordinator all company publica- 
tions. 


in 


of 


In his new capacity as technical ad- 
visor in the Housing Bureau, Mr. West- 
by will cooperate with other segments 
of the home building industry in de- 
veloping new techniques and applica- 
tions of concrete in home construction. 
He will also advise on the technical 
aspects of concrete in this field. He 
joined PCA in 1943. In 1945 he was ap- 
pointed assistant manager and in 1952 
was named manager of the Housing 
and Cement Products Bureau, the posi- 
tion in which he served until his recent 
appointment. 

Mr. Westby is active in ACI technical 
committee work. At present he is 
chairman of Committee 331, Structures 
of Concrete Masonry Units, and is a 
member of Committee 116, Nomen- 
clature, and Committee 332, Recom- 
mended Practice for Residential Con- 
crete Work. 
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RAIL STEEL 


REINFORCING BARS 
Specified for “EXECUTIVE HOUSE” 


America’s Tallest 
Reinforced Concrete 
Building has 
5 to 1 SAFETY Factor 


66 The structure was designed 


with straight bars except for column 
ties and beam stirrups. Rail Steel of 
110,000 psi ultimate strength was used 
throughout. Since the Chicago build- 
ing code allows only 20,000 psi work- 
ing stress, it is believed that the factor 
of safety may be as high as five. 

This Chicago apartment building 
was originally planned with a struc- 
tural steel frame. However, at the time 
the design was completed the high 
price of structural steel, complicated 
by an anticipated year’s delay in deliv- 


ery, led to a decision to change 
design to reinforced concrete. 9 


—Ffrom article by Mr. Henry Miller, ACI mem- 
ber and president of Miller Engineering Co., 
Chicago, on p. 215, Sept. issue of “’ACI Journal’ 





Advantages of Rail Steel 


High Tensile Strength plus Toughness are basic 
characteristics of Rail Steel. These exclusive 
economical qualities enable 4/5 of the area of 
Rail Steel Reinforcing Bars to replace the 
required amount of intermediate grade with 
subsequent reduction in costs without sacri- 
ficing strength and durability. 

Guaranteed minimum yield 

point 60,000 psi and actual 

tensile strength ranges from R 

100,000 to 130,000 psi. Alt STEEL 

8 


REFEREN, . 
Write for 


your FREE copy 
today! 
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RAIL STEEL BAR Association 


38 South Dearborn St., Chicago 3, Illinois 





NEWS 


Rackle appoints Stroupe 
to key post 

George Rackle and Sons Co., Cleve- 
land, has appointed Fred R. Stroupe 
controller of the firm. Prior to joining 
the Rackle organization, Mr. Stroupe 
was associated for 25 years with the 
United Laboratories, Inc., as control- 
ler-treasurer. 


Perlite Institute names 
new technical director 


The Perlite Institute has named Rich- 
ard E. Barnes as technical director. He 
was formerly an engineer with the 
Plant Design and Construction Divi- 
sion of Western Electric Co., New York, 
N. Y. 

In his new capacity, Mr. Barnes will 
member companies with their 
technical problems, supervise the In- 
stitute’s research activities, represent 
the Institute technical committees 
of allied associations in the building 
and construction field, and help to pre- 
pare technical literature and informa- 
tion on the various applications of per- 
lite. 

Mr. Barnes is a member of ACI Com- 
mittee 623, Cellular Concretes. 


assist 


on 


Raymond International 
to build Ecuador port 


A $16.5 million contract has been 
awarded to Raymond International 
Inc., New York City, to build a com- 
pletely new port at Guayaquil, Ecua- 
dor. 

The new port project consists of three 
parts: the port itself, a dredged chan- 
nel in Estero Salado, and a barge canal 
connecting the new port with the Gua- 
yas River. More than 16 million cu yd 
of dredging is required. 

The port will consist of a 3000-ft 
wharf accommodating five berths with 
four transit sheds, plus a number of 
warehouses and allied buildings. Below 
the port, a 400 ft wide, 31 ft deep chan- 
nel will be dredged for 11 miles to 
provide access by ocean-going vessels. 
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Quick 
SOILS 
DATA for 


pocket 
penetrometer 


Thousands in use for the 
strength classification of cohe- 
sive soils on field exploration 
or construction sites and in 
preliminary laboratory studies. 


Direct Reading Indicator main- 
tains the Reading until reset. 


PRICE $15.00 F.O.B. CHICAGO 


SMES], BB 


4711 W. NORTH AVE © CHICAGO 39, ILLINOIS 
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ADMIXTURES for CONCRETE 





9 Rests ance OF MARACONCRETE TO FREEZING AND THAWING 
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E- IMPROVE CONCRETE QUALITY: — 


MARACON® promotes more complete hydration 
of cement particles and permits a substantial 
reduction in the unit water content without loss 
of plasticity or consistency of the mix. Low water 
content means greater durability and resistance 
to weathering. 


A. Minimize shrinkage in concrete before 
and after hardening, due to lower water 
content and more complete hydration 
of cement. 

B. Decrease permeability. 


C. Achieve greater density and higher dura- 
bility factors. 


LOWER CONCRETE COSTS: — 


DISTRIBUTORS 
West of the Rockies, East of the Rockies 
Hawaii and Alaska Truscon Laboratories 
Admixtures, Inc. Division of 
965 N. Fair Oaks Ave. Devoe & Raynolds Co., Ine. 
Pasadena, California 1700 Caniff, Detroit 11, Mich. 
(Mississippi only) 
Ready-Mix Concrete Company 
Meridian, Mississippi 


Use the coupon for more information. 
joocccccnrnnrrnrn ee 


MARATHON © A Division of American Can Co. 1 
CHEMICAL SALES DEPT. * MENASHA, WIS. 


I 

I ! 
| Send additional information on Maracon to: — 
| NAME 

1 COMPANY 

; ADDRESS 

I 
4 


J-129 
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A. Maintain slump and workability at low 
W/C ratios.* 


B. Attain higher strengths without increas- 
ing cement content of a mix.** 


C. Permit economical redesign of conven- 
tional concrete mixes. 


*Decrease water by as much as 20%... 
**Increase strengths by as much as 40%... 
depending on the mix design. 
(The above figures are not represented as 
maximum. Greater percentages have been 
achieved in both respects.) 


MARACON also reduces water requirements 
in concrete mixes containing pozzolanic 


materials, 


MARATHON 


A Division ef American Can Company 
CHEMICAL 84.88 OEPARTMENT 
MENA SHA, WISCONSIN 
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Alpha promotes two chemists 


Alpha Portland Cement Co. an- 
nounces the appointment of Theodore 
M. Houseknecht as research chemist 
and Philip Brutto as plant chemist, 
Lime Kiln, Md. plant. 

Mr. Houseknecht has been plant 
chemist at Lime Kiln since he joined 
Alpha in 1957. Mr. Brutto has been 
with Alpha since 1933, when he joined 
the laboratory staff at the Manheim, 
W. Va. plant. He became plant chemist 
at Manheim in 1952. 


Plain Concrete conference 
postponed until 1961 

The Second National Conference on 
Fundamental Research in Plain Con- 
crete, which was to have been held 
next year has been postponed until 
the fall of 1961. Other important con- 
ferences such as the Fourth Symposium 
on the Chemistry of Cement and the 
research meetings of the American 
Society of Civil Engineers scheduled for 
the fall of 1960 made it desirable to 
delay the concrete conference. 

Tentative plans are to hold the con- 
ference at the Allerton Park Confer- 
ence Center of the University of Illinois, 
Urbana, September 5 to 8, 1961. The 
discussions throughout the conference 
will be maintained on a fundamental 
level and the topics considered will be 
more strictly defined than the general 
topics discussed in the first conference. 
of the second confer- 
representatives, which 
constitute the Conference Steering 
Committee are: American Concrete In- 
stitute, Bryant Mather, Waterway Ex- 
periment Station, Jackson, Miss,; Amer- 
ican Society for Testing Materials, K. 
B. Woods, Purdue University, W. La- 
fayette, Ind.; American Society of Civil 
Engineers, Structural Division, Leo H. 
Corning, Portland Cement Association, 
Chicago; Portland Cement Association, 
Hubert Woods, PCA, Chicago; Rein- 
forced Concrete Research Council, Gene 
M. Nordby, University of Arizona, 


The sponsors 


ence and their 


Tucson; and the University of Illinois, 
Clyde E. Kesler, faculty member at the 
University. 

Information regarding the conference 
is available from Professor Clyde E. 
Kesler, Department of Theoretical and 
Applied Mechanics, University of Illi- 
nois, Urbana, III. 





LOOKING AHEAD 


Jan. 18-20, 1960 — 11th An 
nual Meeting, National Con 
crete Products Association 
(Canada), Royal Alexandria 
Hotel, Winnipeg, Ontario, 
Canada 

Jan. 18-21, 1960 58th An 
nual Convention, American 
Road Builders Association 
Netherland Hilton Hotel, Cin 
cinnati, Ohio 

Jan. 18-21, 1960 Annual! 
Convention, National Lime 
stone Institute, Statler-Hilton 
Hotel, Washington, D. C 

Jan. 25-28, 1960 — 11th An 
nual Plant Maintenance and 
Engineering Conference and 
Exhibit, Convention Hall, 
Philadelphia 

Jan. 25-29, 1960—-Stress Meas 
urement Symposium, Ari 
zona State University, Tempe, 
Ariz 

Feb. 1-5, 1960 Committee 
Week, American Society for 
Testing Materials, Hotel 
Sherman, Chicago, III 

Feb. 15-19, 1960 Annual 
Convention and Exposition, 
National Sand and Gravel As 
sociation, Conrad Hilton Ho 
tel and Coliseum, Chicag 
WW 

Feb. 22-24, 1960 Annua 
Convention and Exposition, 
National Crushed Stone As 
sociation, Conrad Hilton Ho 
tel, Chicago, III 

Mar. 7-10, 1960 
nual Convention, American 
Concrete Pipe Association, 
Fairmont Hotel, San Fran 
cisco, Calif 

Mar. 14-17, 1960 — 56th An- 
nual Meeting, American Con- 
crete Institute, Commodore 
Hotel, New York, N. Y. 


52nd An 
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Zonolite announces appointments 
to southern region sales posts 

Revision of sales responsibilities in 
the Zonolite’s southern region has re- 
sulted in promotions for three execu- 
tives according to an announcement by 
R. W. Sterrett, vice-president and gen- 
eral manager of Zonolite’s Expanded 
Products Division. 

C. R. Babb, former manager of the 
firm’s central division, was named 
southern regional manager with head- 
quarters in Atlanta, Ga. 

H. K. Sterrett, formerly southern re- 
gional manager, was named southern 
regional merchandising manager, and 
will also maintain offices in Atlanta. 

Charles S. Breslauer is the manager 
of the new Miami district. He formerly 
was a product manager in the Chicago 
home office. 


Carolina Solite sponsors annual 
Clemson College competition 


Three students 
Clemson College, Clemson, S. C., won 
a total of $400 in prizes at the third 
annual Solite Awards Competion held 
there. 


of architecture at 


The winners were Frank E. Lucas of 
Charleston, S. C., John A. Parille of 
Bangor, Pa., and Benjamin Pearce of 
Fort Sill, S. C. 

Students are specific 
architectural problem and winning en- 
tries are those which best meet the re- 
quirements set forth. 


assigned a 


Mr. Lucas received first prize for his 
thesis problem “Library for Charleston, 
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S. C.” Second nrize went to Mr. Parille 
for his “Museum for Jacksonville, Fla.” 
Mr. Pearce received third prize for his 
design of “Town Hall for Fort Mill, 
Sc 

The contest is open only to fourth 
year architectural students. Entries 
were judged by the faculty of Clemson 
College, headed by Dean Harlan Mc- 
Clure and three visiting architects. 

Carolina Solite Corp., with head- 
quarters in Charlotte, N. C., is a sub- 
sidiary of Southern Lightweight Ag- 
gregate Corp, whose home office is in 
Richmond, Va. 


Johnson joins PCA 
San Francisco staff 


The appointment of Warren H. John- 
son to the San Francisco staff of the 
Portland Cement Association has been 
announced by Warren G. Burres, dis- 
trict engineer in charge of the Los An- 
geles and San Francisco offices of the 
Association. 

Mr. Johnson, a civil engineer, was 
transferred to the West Coast from 
PCA’s general office in Chicago, where 
he has been in the Soil-Cement Bureau 
for the past 3% years. In his new ca- 
pacity, Mr. Johnson will 
paving and general field 
the San Francisco area. 


serve as a 
engineer in 


Huron Cement names Howlett 
manager at Alpena mill 


The apvointment of Charles L. How- 
lett as manager of the Alpena mill of 
Huron Portland Cement Co. was re- 
cently announced by C. M. Adams, 
vice-president in charge of operations. 

Mr. Howlett William G. 
MacDonald, a life-time employee of 
Portland Cement, who has re- 
tired but is being retained for a year 
as a consultant on community relations. 


succeeds 


Huron 


Mr. Howlett has been associated with 
Huron since 1945 and _ progressed 
through the engineering and operations 
department before being named assist- 
ant mill manager in 1958. 
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Seyler joins 
ASEE staff 


Appointment of Jimmy W. Seyler of 
the University of Illinois Department 
of Civil Engineering to the post of 
assistant secretary of the American 
Society for Engineering Education has 
been announced by W. Leighton Col- 
lins, secretary of the society. 

As assistant secretary, Professor Sey- 
ler will be responsible for membership, 
regional activities, number of 
special projects. 

Professor Seyler, a graduate of the 
University of Illinois, has taught a wide 
variety of civil engineering courses and 
has been responsible for developing 
courses in the construction option in 
the Department of Civil Engineering 
at the University of Illinois. He will 
continue teaching while serving in the 
ASEE post. 

Professor Seyler is a member of ACI 
and a number of other professional 
societies. 


and a 


Chain Belt announces 
executive appointment 

The appointment of Andrew J. Cox 
as administrative assistant to the gen- 
eral manager of its construction 
chinery section has been announced by 
Chain Belt Co., Milwaukee 

Mr. Cox has held a number of man- 
agerial positions and has been active in 
the construction 


ma- 


machinery industry 
for the past 5 years. Prior to that, he 
was engaged in naval ordnance manu- 
facturing at York, Pa. 


Huron Cement to increase 
finish grind output 


Construction will 
cilities to 


begin soon on fa- 
than 15 
per cent the finish grind capacity of 
the Alpena mill of Huron Portland Ce- 
ment Co., Charles M. Adams, 
president in charge of operations, re- 
cently announced. 


increase by more 


vice- 


The new mill, expected to be com- 
pleted by mid-1960, will add 7000 bbl 
of finish grind to the mill’s capacity, 
bringing the plant’s daily capacity to 
53,000 bbl. 

This is the second recent announce- 
ment of expansion at the Alpena mill. 
Recently the company, a subsidiary of 
National Gypsum Co., announced a 
large harbor development project which 
is designed to increase the mill’s ship- 
ping capacity by an estimated 20 per- 
cent. New silos, a new slip, a deeper 
harbor, and new boat loading facilities 
are included in that project. 


MODEL FT 20 


JOBSITE 
CONCRETE TESTER 


FOR: CYLINDERS, CORES, 
BLOCKS, BEAMS, CUBES, 
BRICK AND DRAIN TILE 
FORNEY’S INC. 
TESTER DIVISION 
BOX 310, NEW CASTLE, 
PA., U.S.A. 
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Honor Roll 


January 1—October 31, 1959 


You, as a member of ACI, can further the in- 
fluence of the Institute and its work. Through 
your efforts, others throughout the world are able 
to have access to information in furthering con- 
crete and concrete construction. This effort on 
your part is depicted each month by the Honor 
Roll. Is your name on this list? 





Point System 


1} pont for Student; 2 points for Junior; 3 
points for Individual; 4 points for Corporation; 


and 5 points for Contributing 
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Allen H. Brownfield 
Theodor H. Busck 
G. M. Butcher 

Wallace J Carson 


Guillermo Castellanos G 


Mario J. Catani 

T. J. Cavanagh 
Clinton H. Chalmers 
Solomon Chornik § 
Marvin B. Cohen 
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M H. Cutler 
Raymond E. Davis 
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Max Jaffe 


Keep on schedule all winter 


—order your ready-mix 


ea ee eee ee 


speaa. | with SOLVAY 
iWINTERIZED! CAL C/UM CHLORIDE 


‘Ask your sondpenli supplier to include 2% Solvay alcium 
Chloride,* heated water, aggregate. Keep on a A at any 
temperature with this “Special-Winterized” mix that. . . 


Reduces overtime finishing. Sets faster. Speeds form re- 
moval. Develops high early strength. Reduces protection 
time up to 50%. Reduces delay between operations. Adds 
safety through extra cold weather protection. 

Your concrete also has 8 to 12% greater ultimate strength. 
It’s more workable. With Jess water-to-cement, you get denser 
concrete—more resistant to moisture and wear. 


*Speeds but does not change the basic action of 
portland cement. This use ‘of calcium chloride is 
approved by American Concrete Institute. 


Write for Solvay’s 38-p. “The Effects of Calcium Chloride 
on Portland Cement.” 


SOLVAY PROCESS DIVISION 


61 Broadway, New York 6, N. Y. 


SOLVAY branch offices and dealers are located in major centers from coast to coast. 
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Donald H. Olson ‘ 
Cenap Oran . : 7 Dp 
John H. Palme: 

Diego Parra Pardi 

Orris O. Pfutzenreuter 

Ray A. Pinnell, Jr 

Yohanan Priell 

Jack L. Randall 

S. N. Guru Rau 

E. B 
Thomas J. Reading . 
Raymond C. Reese 
Ricardo Rivas-Roman 
Leslie E. Robertson 
Sigmund Roos 


lassi 


Rayburn, Jr 


Sabri Sami 

Donald A. Sawyer 
Herbert M. Schwartz 
Surhl M. Scruggs 
Paul Serfass 

Leo G. Shea . 

L,. Shector 

W. S. Shelton 
Robert S. Shermar 
Shroff 


Slate 


Jehangir C 
Floyd O 
Robert W. Smith 
Stuart H 
Ralph W. Spencer 


W. N. Steinmann 


Snyder 


Willard Stevenson 
Stork 
Anthony A. Styne: 


Oliver F 


New Members 


The Board of Direction approved applications 
in the following categories: 42 Individual, 1 Cor- 
poration, 13 Junior, and 10 Student, making a 
total of 66 new members. Considering losses due 
to deaths, resignations, and nonpayment of dues, 
the total membership on October 1, 1959, was 
10,0001. 


INDIVIDUAL 


ALBEE, Dovucias, M., Rockport, 
Tech., Seattle Light) 
SAREHAM, V. T., Calgary, Canada 
Constr. Canerect Corp.) 

SieERBAUM, V. D., Benton 
Supt.) 

BUSTAMENTE, VELASCO, Manuel, Mexico (Hwy 
Engr., Secretaria De Obras Publicas, Dirrecion 
General De Proyectos Y Laboratorios) 

CALLAHAN, JaMEs J., Maplewood, N. J. (Gen. Mer., 
Multiplex Concrete Co., Inc.) 

Carver, Wiiiiam B., Little Rock, Ark. (Vice 
Pres., Criss & Shaver, Inc.) 

Carter, Avan C., Salt Lake City, Utah 

(Sr. Struct. Engr., 


Wash 


City, Wash 


(Distr. 
Engr., PCA) 

Coreman, P. L,., St. Louis, Mo 
Horner & Shifrin, Engrs.) 


December 1959 


Raja A. Lliya 
Simon Lamar 
Oscar Latorre M 
Joachim F. Leppmann 
Leo Liberthson 
Long 
McNally 
4 


Perez Valentin 
Walker 


ichard D 


C. K. Wang 
I. H. Weaver 
Richard E. W 
Carlos A. Y 

Lev Zet 


Frank L., Phoenix, Ariz. (Engr. in 
Hamlyn Cons. Engrs.) 
Louis | Alexandria, La 
s Parish Engr.) 

Boston, Mass 


(Cons. C 


Oklahoma City, Okla Pro 
Concrete Builders, Inc.) 
GUSTAV Quito, Equador (Cor 
f Lab., R. J. Tipton Associated 


Delmar, 
Albany Med 
James A., Alexan 


illion 


(Physician & 


é 0.) 

AuBert, Wellington Dam, W. Aus 
raliz : , Public Works Dept.) 
Hays, § opert, Allentown, Pa. (Office 

Lehigh P . Co.) 

Jara, Exvapio, San Antonio De Belen, 
(Chf. Engr., 
Publicas) 

Ricuarp W. B., Hackensack, N. J 

ngr., Kaestner, Horner & Young, Inc.) 
Autun, Ankara, Turkey (Control 
inistry of Public Works) 

Kiaces, Henry, Chicago, Ill. (Struct. 
yar 3urt, Wilkinson & Orth 

Wm. M., Abadan, South Iran (Head, Man 
power Services Dept., Iranian Oil Refining Co.) 

La Puente y Trerocir, Claudio, Lima, Peru (Chf. 
Engr., Calculos Estructurales) 

LeGarpeur, Grorce V., Jr., New 
(Cons. C. & Struct. Engr.) 

Merririe.p Castro, Craupio Cari 
Mexico (C. E.) 


H AMIL 
Engr., 


Costa Rica 
Design Section, Ministerio de Obras 


JESSER (Soils 


Engr., 


Engr., Fu 


Orleans, La 


Mexico, D. F 





NEWS LETTER 


Membership in the American Concrete Institute 


To facilitate prospective members in joining the Institute, membership 
application forms are provided. Present Members may aid by bringing 
these forms to the attention of those who may profit from membership 
advantages. All who have an interest in concrete are eligible for mem- 
bership. The grades of membership are described below. 

Members have at hand in Institute publications the most complete 
fund of knowledge on concrete. The ACI Journal provides them with 
the latest information and ACI special publications provide them with 
the complete picture of specific problems. Through conventions, and re- 
gional and area meetings, they are afforded the opportunity of meeting 
those whose experiences provide the new information, and of exchang- 
ing ideas with them. 

ACI’s world-wide membership is growing in extent and participation 
—traveling a common road toward better, more economical and durable 
concrete structures. ACI provides a common ground in the search for and 
use of new “working tools” in concrete design, manufacture, and erec- 
tion—and its interpretation. 


aay U.S. and Possessions, Canada, Mexico, 
Individual Members ( Central America, and West Indies ) $20.00 


Individual Members (Ali other foreign countries) 16.00 
Corporation Members 65.00 
Junior Members—nonvoting (under 28) 10.00 
Contributing Members 135.00 
Student Members—nonvoting (under 28) 


Please enclose remittance with application (cut here) 


Board of Direction, American Concrete Institute Date 
P. O. Box 4754, Redford Station 
Detroit 19, Michigan 


The undersigned hereby applies for admission to the American Concrete Insti- 
tute as () Individual () Corporation [j Contributing () Junior (1) Student Mem- 
ber and agrees to be governed by the Charter and Bylaws. 

Name and complete mail address of proposed membership (Address to which Journal is to 


be mailed—please letter) - 


For Corporation Membership, ACI representative will be 


Date of Birth (Juniors and Students only) 
Month 


College or University attending (Students only) - 





(Date of graduation) ' (Proposed by) ines 


Signature_ “in 


For our records, please complete both sides of application. 





JOURNAL OF THE AMERICAN CONCRETE INSTITUTE December 1959 


NOTES on Membership Classification 


The ACI advertising and editorial departments need definite information 
concerning job title, classification, business affiliation, and principal re- 
sponsibility of all members. Thus, the information requested on the clas- 
sification form below is especially important. 


The applicant should designate his title or position such as: construction 
superintendent, research director, technician, draftsman, structural engi- 
neer, inspector, plant superintendent, highway engineer. The occupation 
of the applicant should be that which is most frequently performed. The 
principal responsibility of the applicant is that specific area of his job 
for which he is primarily concerned. 


Classification is not based on what interests you, but on what you do— 
what office or job you fill. When completing the form below, please 
check the one item in each section that is most applicable to that par- 
ticular section. 


ACI editors want to know your interests—they welcome suggestions as 
to what you’d like to see discussed in the ACI Journal and of the pos- 
sible sources, Please attach a separate note or letter. 


MEMBER CLASSIFICATION 


JOB TITLE 


OCCUPATION (Check the one most applicable 
} Arch } Engr } Construction Supervision ] Plant Management or Su- 
pervision [] Teaching [] Student [] Other (please state) 


EMPLOYER 
Architect Contractor [] Consulting Engr [] Engr Firm [] Manufac- 
turer or Producer (specify product) 
Government [] Fed [] State [] County [7 City Educational Institution 
Commercial Testing Laboratory [7] Public Utility [] Trade Assn [] Library 
[] Other (please state) 


PRINCIPAL RESPONSIBILITY (Check the one most applicable 

[] Design [] Construction [| Consulting []} Purchasing [] Sales 
vertising [] Research [] Administrative (state position) 

[_] Other (please state) 


Do you [] Specify [] Authorize [] Recommend, purchase of materials or 
equipment? 


The ACI Membership Directory will be sent—as available—only on request. Check here 
if you wish to receive the latest edition. ‘es 
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PONNAMPERUMA, (GEORGE Colombo, Ceylon 
Mer. & Dir., Ceylon Cement Corp.) 

Ricu, Ricuarp C., Detroit, Mich. (Chf. Designer, 
National Garages, Inc.) 

RUTHERFORD VERNAL FRAN Nassau 
( Asst ‘. Public Works pt.) 

STEVEN Y hristchurch ‘ Zealand (Sew 
are I ire 


(Gen 


Bahamas 


h Jrainage 


ida (Design 
i 


* Miss. Chf 


LABYRINTH 
WATERSTOPS 


A SOUND INVESTMENT 


LABYRINTH AVAILABLE IN 2, 3 or 4 rib. 
ON YOUR CONSTRUCTION : 


1. Consider the investment in design, materials 
and labor (to mention a few). 

2. Then consider how important safe, secure 
watertight concrete joints are. 

3. Thorough watertightness can be secured by 
installing Labyrinth Waterstops—a dividend 
that makes the low initial cost of the product 
insignificant when compared to your total in- 
vestment—and one that insures watertight con- 
crete joints for years! 


, od 


© Corrugated ribs grip concrete, insure 
an everlasting bond between joints 

© Finest polyvinyl plastic resists chemical 
action, aging, severe weather. 

© Takes just seccnds to nail to form .. . 
easy to cut and splice on location (pre- 
fabricated fittings available) 

© There's a Water Seal product for every 
type of concrete work! 


It your aim is to stop water seepage, stop it 
effectively with Water Seals’ Waterstops! 


“See Us in SWEET’S” 


New Literature and Free Samples Sent on Re- 
quest—Use Coupon Below 


WATER SEALS, inc. 


9 South Clinton Street, Chicago 6, Illinois 

4. E. Goodman Sales, Ltd. 
Toronto, Ontario 

WATER SEALS, INC. DEPT. 5 

9 S. Clinton Street 

Chicago 6, Illinois 

Please send free sample and descriptive 

literature. 


Made in Canada for 


Name 
Company 


Address 


oe a oe 


City 


r 
| 
| 
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| 
| 
| 
| 
| 
| 
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ALPHABETICAL LIST OF ADVERTISERS 
(Page Numbers refer to News Letter) 
American-Marietta Company, Concrete Products Division 
American Steel & Wire Division, United States Steel 


Colorado Fuel and Iron Corporation, 
National Division—Wire Fabric 


Columbia-Southern Chemical Corporation 

Concrete Reinforcing Stee! institute 

Forney’s Inc., Tester Division 25 
Jackson & Moreland, Inc. 24 
Marathon Division, American Can Company 22 


Master Builders Company, The; 
Division of American-Marietta Co. 14 


Rail Steel Bar Association 20 
Sika Chemical Corporation iv (flyleaf) 
Soiltest, Inc 21 
Solvay Process Division, Allied Chemical Corporation 27 
Sonoco Products Company 18 
Water Seals, Inc. 31 


The Institute assumes no responsibility for the claims of advertisers. The ad- 
vertiser is made responsible in the belief that his place in the field will be de- 
termined by the public's ultimate measure of his exercise of that responsibility. 











NOTICE — Change of Address — NOTICE 


To avert any delay in receiving my ACI JOURNAL, | wish to give notice of a 
change in my mailing address. (PLEASE PRINT) 


New Address: 
NAME. 
STREET & NO. 
CiTy__ ZONE STATE 
Old Address: 
STREET & NO. 
ZONE STATE 


SS Se POSS 





ACI 


Book of 
Standards 


1959 Edition 


Fifteen ACI Standards 
in One Book 


A collection of current ACI 
standards, recommended 
practices, and specifications. 
Your guide through a maze 
of construction problems. 


$5.00 
To ACI Members: $2.50 


Test Procedure to Determine 
Relative Bond Value of 
Reinforcing Bars 


(ACI 208-58) 


Recommended Practice for 
Evaluation of Compression 
Test Results of Field Concrete 
(ACI 214-57) 


Building Code Requirements 
for Reinforced Concrete 
(ACI 318-56) 


Design of Concrete Pavements 
(ACI 325-58) 


Reinforced Concrete Chimneys 
(ACI 505-54) 


Winter Concreting 
(ACI 604-56) 


Hot Weather Concreting 
(ACI 605-59) 


Selecting Proportions for Concrete 
(ACI 613-54) 


Selecting Proportions for 
Structural Lightweight Concrete 
(ACI 613A-59) 


Measuring, Mixing and 
Placing Concrete 
(ACI 614-59) 


Application of Portland 
Cement Paint 
(ACI 616-49) 


Concrete Pavements 
and Concrete Bases 
(ACI 617-58) 


Precast Concrete 
Floor and Roof Units 
(ACI 711-58) 


Construction of Concrete 
Farm Silos 
(ACI 714-46) 


Application of Mortar 
by Pneumatic Pressure 


(ACI 805-51) 





1960 ANNUAL MEETING — NEW YORK CITY — March 14-17 


THIS MONTH 


Papers and Reports 441-542 


56-28 Behavior of a Continuous Slab Prestressed in Two Directions 
A. C. SCORDELIS, T. Y. LIN, and R. ITAYA 441 


Factors Affecting Performance of Unit-Masonry Mortar 
WILLIAM L. ZEMAITIS 


Self-Service Parking Structures 
RICHARD C. RICH and WILLIAM J. ROUKE 


Design of L-Shaped Columns with Small Eccentricities 
L. $. MULLER 


Reaction Between Carbon Dioxide Gas and Mortar 
B. KROONE and F. A. BLAKEY 


Numerical Method for Approximate Analysis of Building 
Slabs HOWARD L. FURR 311 


Current Reviews 543-568 


News Letter 1-32 








Aetna See inlay eee 





Volume 31, no. 6, pt. 2 
(Proceedings, v. 55) 
filmed with v. 30. 
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ACI awards and the 
convention program appear 


in this month’s News Letter 





